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FOREWORD 

May  16,  1973. 

To:   Members  of  the  House  Committee  on  Merchant  Marine  and 

Fisheries. 
From  :  John  D.  Dinoell,  chairman.  Subcommittee  on  Fisheries,  "Wikl- 

life  Conservation,  and  the  Environment. 
Subject :  Hearings  on  growth  and  its  implications  for  the  future. 

Comprehensive  declaration  of  policy  incorporated  in  the  National 
Environmental  Policy  Act  (NEPxV)  illustrates  the  complex  intertie 
between  the  concepts  of  economic  growth  and  environmental  protec- 
tion. Section  101(a)  states  that  it  is  the  continuing  policy  of  the 
Federal  Government  to  maintain  conditions  under  which  this  country 
can  coexist  with  nature  "in  productive  harmoiiy''  while  also  fulfilling 
the  social  requirements  of  present  and  future  generations  of  Ameri- 
cans. In  addition  to  this  broad  statement,  the  act  sets  forth  certain 
specific  national  goals  among  which  is  the  achievement  of  "a  balance 
between  population  and  resource  use"  to  sustain  "high  standards  of 
living  and  wide  sharing  of  life's  amenities." 

To  make  sure  that  Federal  agencies  actually  focus  their  efforts  on 
these  policy  goals,  section  102(a)  (C)  requires  the  preparation  and 
public  dissemination  of  detailed  impact  statements  for  any  and  all 
Federal  activities  which  could  significantly  affect  our  enviroimient. 
Also,  section  102(2)  (B)  directs  the  Federal  agencies  to  improve  their 
decisionmaking  approaches  by  developing  new  evaluation  methodolo- 
gies to  insure  that  environmental  values  are  given  appropriate  consid- 
eration, along  with  economic  and  technological  factors,  in  key 
decisions. 

Since  the  enactment  of  NEPA,  the  subcommittee  has  conducted 
extensive  oversight  hearings  and  commissioned  several  investigations 
to  determine  how  well  the  various  agencies  are  carrying  out  these 
responsibilities  and  mandates. 

Our  oversight  work  so  far  clearly  shows,  in  my  judgment,  that  the 
Federal  Government  has  only  begun  to  conduct  full  and  adequate 
environmental  assessments  of  gi'owth-oriented  programs  and  policies. 
A  continuing,  open  dialog  in  the  Congress  concerning  this  profoundly 
important  subject  is  necessary  if  we  are  to  meet  the  social  needs  of  our 
society. 

While  this  committee's  efforts  are  confined  by  our  limited  jurisdic- 
tion over  national  policies,  our  individual  understanding  of  the  impli- 
cations of  the  legislation  processed  in  each  new  Congress  depends 
heavily  on  each  committee  dealing  with  the  relationships  between 
evolving  problems,  policies,  and  changing  values. 

"The  Limits  to  Growth,"  which  was  recently  published  under  the 
auspices  of  the  Club  of  Rome,^  perhaps  represents  the  most  scholarly 

iThp  Club  was  founded  bv  Aurelio  Peccei.  an  internationally  known  Italian  eoonomlst 
and  businessman,  who  is  vice  chairman  of  the  board  of  Olivetti  <-Ln'lmana2in^  director  of 
Italconsult.  an  Italian  research  orfranization.  Peccei  funded  the  Club  In  1968  by  InvmnR 
about  50  leading  scientists,  humanists,  economists,  planners,  educators,  and  Industrialists 
of  different  countries  to  join  in  an  effort  to  study  the  problems  of  the  future  from  a  global 
standpoint.  Funds  for  the  "Limits"  project  were  provided  by  the  Volkswagen  Poundation. 


(V) 


fiOaniEASTF.!}. 


y  lIUHTOC-n.,  -. 


VI 

attempt  of  recent  years  to  analyze  the  global  interactions  between 
population,  resource  depletion,  food  supply,  pollution,  and  capital 
requirements.  The  book  is  based  on  an  ambitious  world  modeling 
project  carried  out  by  the  MIT  Systems  Dynamics  Group,  with  the 
avowed  purpose  of  demonstratino;  the  long-term  causes  and  conse- 
quences of  growth  in  a  finite  environment. 

As  I  understand  the  general  findings  of  this  study,  world  population 
is  now  growing  much  too  rapidly  for  societies  to  make  necessary  ad- 
justments and  responses  to  the  problems  of  supplying  essential  raw 
materials  and  of  controlling  environmental  abuses.  The  authors  con- 
clude that  something  must  be  done  quickly  by  way  of  balancing  popu- 
lation and  material  growth  if  we  are  to  avoid  the  undesirable  con- 
sequences of  approaching  the  physical  limits  of  the  Earth's  resources. 

World  population  is  expected  to  double  by  the  end  of  this  century. 
In  the  United  States  alone,  increasing  population  demands  by  the  year 
2000  will  probably  require  the  construction  of  additional  public  and 
private  facilities  equivalent  to  all  those  already  in  existence. 

The  Limits  study  has  stimulated  worldwide  debate ;  ^  editions  of  the 
book  have  appeared  in  over  20  languages.  Some  critics  of  the  project 
have  quarreled  over  the  technicalities  of  the  world  model  used  by  the 
MIT  group.  Others  have  suggested  that  imperfect  data  used  for  the 
study  made  the  model  an  inaccurate  representation  of  the  real  world. 
Still  others  have  argued  that  the  pricing  mechanism  of  our  own  society, 
continued  technological  advances,  and  value  adjustments  will  eventual- 
ly overcome  environmental  deficiencies. 

I  cannot  judge  whether  the  synthesis  of  facts  and  forecasts  em- 
bodied in  this  vital  book  are  accurate  in  all  respects.  But  I  do  believe 
that  this  committee  cannot  escape  the  implications  of  the  controversy 
surrounding  the  MIT  group's  efforts  in  the  context  of  the  policy  and 
goals  set  forth  in  the  National  Environmental  Policy  Act. 

For  this  reason,  I  felt  it  appropriate  to  recommend  to  our  chair- 
woman that  extensive  hearings  be  held  on  the  general  subject  with  no 
particular  legislative  purpose  in  view.  With  her  approval,  we  subse- 
quently invited  six  distinguished  witnesses  to  meet  with  the  subcom- 
mittee in  a  1-day  planning  session  designed  to  assist  us  in  laying  out 
a  detailed  scenario  for  future  hearings. 

The  participants  in  the  planning  session  held  May  1  included  Eus- 
sell  W.  Peterson,  former  Governor  of  Delaware  and  currently  chair- 
man of  the  Commission  on  the  Third  Century ;  Dennis  L.  Meadows,  a 
principal  author  of  The  Limits  to  Groinfh,  Dartmouth  College;  Rob- 
ert A.  Frosch,  Assistant  Director  of  the  newly  established  United 
Nations  Environment  Programme ;  Lester  S.  Brown,  senior  fellow  of 
the  Overseas  Development  Council ;  Alfred  Heller,  president  of  a 
nonprofit  educational  organization.  California  Tomorrow;  Steven 
Salyer,  Citizens  Committee  on  Population  and  the  American  Future; 
and  Peter  S.  Hunt,  president  of  Peter  Hunt  Associates. 

On  the  evening  preceding  the  planning  session,  I  had  the  opportu- 
nity of  meeting  the  witnesses  at  a  pleasant  dinner-seminar  arranged 
by  ithe  AVoodrow  Wilson  International  Center  for  Scholars.  During  the 
seminar,  I  proposed  that  the  witnesses  address  themselves  to  four  fun- 
damental questions : 

( 1 )  If  there  are  limits  to  growth,  where  are  they  found  ? 


2  Excerpts  from  the  Limits  study,  commentary,  and  highlights  from  related  studies  in 
this  field  are  included  in  the  appendix  to  this  hearing  volume. 
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(2)  Is  there  evidence  that  any  limits  are  bein^  approached,  or  have 
been  exceeded?  If  not,  how  are  limits  likely  to  manifest  themselves 
first? 

(3)  How  soon  are  such  limits  likely  to  present  major  problems  re- 
quirinfr  direct,  responsive  action  on  the  part  of  society? 

(4)  How  will  society  have  to  react  in  order  to  ease  the  pressures  that 
such  limits  will  foreseeably  create? 

On  the  basis  of  the  testimony  received  at  the  May  1  sCvSsion,  the 
subcommittee  intends  to  hold  a  further  series  of  hearings  on  the  fol- 
lowinfj  dimensions  of  the  growth  controversy : 

1.  Differino:  concepts  of  fjrowth  limits. 

2.  International  implications. 
8.  National  <rrowth  questions. 

4.  State  and  local  (growth  problems. 

5.  Population  aspects. 

6.  Economic  scarcity. 

7.  Resource  scarcity. 

8.  Pollution  problems. 

9.  Land  use. 

10.  The  market  process  and  technology  as  "cures." 

11.  Reactions  of  the  executive  branch. 

12.  Wrapup — implications  for  the  committee  and  the  Congress. 

To  provide  all  committee  members  with  a  succinct  overview  of  the 
initial  hearing,  I  asked  the  staff  to  prepare  a  summary  of  the  six  wit- 
nesses' testimony.  The  subcommittee,  of  course,  takes  no  position  on  the 
views  and  opinions  summarized  here. 

STAFF  SUMMARY  :  HIGHLIGHTS  OF  TESTIMONY 

(N.B.  Summaries  appear  in  the  order  of  witness  presentations. 
Responses  to  Member  questions  are  included.  Paraphrases  and  quota- 
tions are  freely  intermingled) . 

GOVERNOR  RUSSELL  W.  PETERSON 

It  is  vital  in  view  of  the  great  rate  of  change  today  to  be  more 
concerned  about  future  growth  factors,  especially  because  decisions 
related  to  growth  made  in  one  field,  or  in  a  particular  geographic 
area  can  have  an  immediate  impact  in  other  fields  and  other  areas. 
Recently,  the  State  of  Delaware  was  confronted  with  the  decision  of 
either  developing  Delaware  Bay  for  major  industrial  and  oil  enter- 
prises or  preserving  the  bay  for  recreation  and  tourism.  The  State 
decided  on  the  latter  course  by  enacting  coastal  zone  protection  legis- 
lation which  excluded  such  industrial  construction  as  coastal  refineries 
and,  within  the  bay,  deepwat^r  port  facilities. 

This  had  repercussions  on  national  efforts  to  relieve  the  shortage  of 
energy  in  this  country:  it  also  served  as  a  model  to  other  localities 
interested  in  dealing  with  problems  mainly  on  local  merits. 

Congress  should  take  steps  to  develop  a  more  realistic  energy  policy. 
For  example,  if  we  could  give  incentives  for  buying  lightweight  auto- 
mobiles the  car  would  give  twice  as  manv  miles  per  gallon  and  marked- 
ly reduce  the  amoimt  of  solid  waste  to  be  disposed  of. 
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It  is  useful  to  differentiate  between  three  kinds  of  growth :  demo- 
graphic, material,  and  social. 

Even  if  we  reach  and  sustain  replacement  fertility  in  the  United 
States,  our  population  will  stabilize  over  the  next  70  years,  with  40 
to  60  million  more  people  than  today. 

In  this  country  it  appears  that  we  have  already  reached  a  popula- 
tion size  beyond  which  there  are  no  benefits.  Additional  U.S.  popu- 
lation also  aggravates  world  resources  and  environmental  problems 
because  of  higher  material  consumption  per  capita  in  this  country. 

As  U.S.  supply  requirements  for  natural  resources  tend  to  shift 
abroad,  we  lose  control  over  important  components  of  our  economy. 
Increasingly,  therefore,  it  becomes  both  physically  and  politically 
impossible  to  continue  to  grow. 

There  are  two  aspects  to  the  material  growth  problem :  the  first 
involves  increased  pressure  on  the  finite  environment  to  provide  essen- 
tial raw  materials.  The  second  is  the  stress  placed  on  our  social  and 
political  institutions  by  the  rapid  rate  of  change  in  resource  demand. 
Over  the  next  10  to  15  years  we  must  produce  and  install  and  bring 
into  full  operation  as  much  power  production  capability  as  has  been 
accumulated  up  to  this  point  in  our  history.  The  limits  to  growth  are 
barely  foreseen  in  this  context  of  the  limited  ability  of  our  current 
social  and  political  institutions  to  perceive  and  manage  critical 
economic  problems. 

Energy  consumption  in  this  country  is  roughly  twice  the  level  in 
Europe.  It  is  difficult  for  anyone  to  point  to  ways  in  which  our  quality 
of  life  in  its  intrinsic  nature  is  twice  that  of  the  people  of  Europe. 
Obviously  there  is  a  great  deal  of  room  to  increase  the  efficiency  in 
energy  use. 

Through  our  increasing  demand  for  energy,  we  provide  Middle 
Eastern  countries  with  tools  that  can  be  used  directly  to  coimter  our 
own  domestic  and  international  objectives.  We  see  ourselvies  moving  to 
a  period,  if  we  continue  this  growth,  of  becoming  strategically  very 
dependent  on  those  countries  who  have,  for  the  first  time,  power  to 
interrupt  critical  inputs  to  our  economy. 

Those  who  have  a  vested  interest  in  growth  contend  that  the  Ameri- 
can public  could  never  accommodate  the  changes  necessary  in  order 
to  reduce  energy  consumption,  improve  transportation,  and  so  on. 
The  real  source  of  inflexibility  is  not  in  the  American  consumer,  but 
in  the  institutions  set  up  to  serve  his  needs.  I  think  the  popularity 
of  small  cars  imported  from  abroad  is  direct  proof  of  this. 

We  are  now  in  a  period  which  could  well  see  a  steady  erosion  of 
the  material  and  social  aspects  of  life  in  this  country,  personal  free- 
dom lioth  under  law  and  with  respect  to  discretionary  resources  and 
the  quality  of  the  environment  in  which  we  live.  The  limits  are  very 
much  present  already.  They  are  causing  a  deterioration  in  our  life  and 
will  almost  undoubtedly  continue  to  do  so  as  population  increases  and 
as  economic  activities  increase. 

We  must  recognize  that  Ave  are  now  in  a  period  when  trade-offs 
are  so  difficult  and  changes  over  time  so  enormous,  that  we  have  to 
develop  new  planning  institutions  to  augment  our  current  legislative, 
legal,  and  executive  institutions.  Early  stages  of  public  education,  data 
analysis,  and  data  gathering  should  be  done  in  a  way  which  makes 
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it  hio^hly  accessible  for  tliose  concerned,  clone  in  an  environment  which 
leaves  time  for  creative  thinking.  We  are  sadl}'  deficient  in  new  mech- 
anisms for  doing  that.  There  is  no  institution  available  to  Congress  on 
a  full-time  basis  that  can  provide  these  inputs  systematically  for  a 
broad  range  of  issues. 

It  is  easy  enough  to  identify  transi^ortation,  the  enviroimient,  en- 
ergy, urban  land  use  and  many  other  areas  which  will  continue  to 
generate  short-term  pressures  and  crises.  An  analytical  staff  funded 
by  Congi-ess  on  the  basis  of  tlieir  long-term  utility  could  enhance  Con- 
gress' ability  to  respond  to  shorter  term  needs.  To  anticipate  future 
crises.  Congress  might  consider  the  establishment  of  an  Institute  on 
Crises  to  lay  the  groundwork  of  institutional  and  technical  analysis 
for  constructive  response. 

ROBERT   A.   FROSCH 

There  is  a  time  scale  problem  involved  in  understanding  the  differ- 
ing reactions  to  growth.  For  example,  regional  disagreement  about  the 
jiature  of  gro^^i"h  problems,  was  e^'ident  at  the  1972  U.N.  Conference 
on  the  Human  Environment.  Highly  industrialized  nations  were  most 
concerned  about  the  effects  of  additional  growth  on  their  own  environ- 
ment and  on  the  global  environment.  By  contrast  the  developed  na- 
tions were  concerned  more  about  the  serious  local  environmental  prob- 
lems arising  from  lack  of  sufficient  industrialization.  The  United 
States  is  in  the  fortunate  position  of  worrying  about  30,  50,  or  100 
vears  ahead  because  it  need  not  be  so  concerned  about  5  years  or  10 
years. 

Industrialized  nations  are  primarily  concerned  about  the  great  hu- 
man pressure  on  the  global  environment,  on  climate  and  the  state  of 
the  oceans.  Developing  nations  perceived  the  primary  problems  in 
teniis  of  local  agronomy,  the  spread  of  regional  deserts,  et  cetra. 

Wliile  there  may  be  an  overall  aggregate  limit  to  growth,  within 
that  overall  limit  there  remain  many  questions  of  rearranging  growth 
capacities.  A  particular  interest  of  the  U.N.  environment  program  is 
the  question  of  what  growth  Ave  may  continue  to  huve  before  reaching 
severe  difficulties. 

The  problem  of  interconnectedness  of  environmental  approaches  is 
evidenced  when  the  United  States  sets  particular  requirements  on  pol- 
lutants or  imjiorts. 

"\^'^lile  growth  problems  are  most  often  defined  in  terms  of  physical 
and  biological  limits,  there  is  a  good  deal  of  evidence  that  these  prob- 
lems may  be  exaggerated  by  social  limits — the  bureaucratic  ability  to 
coordinate  larger  and  larger  entities  and  the  hmnan  difficulties  arising 
in  liighly  concentrated  human  populations. 

There  are  clear  indicators  of  certain  kinds  of  limits  to  growth  in 
particulai-  areas  of  I^.S.  cities;  there  are  other  parts  of  the  country 
where  local  people  would  feel  that  they  have  not  yet  reached  their 
limits. 

Congress  may  not  benefit  from  an  anal\'tical  group  which  deals  with 
gro-u-fh  questions,  unless  the  political  decisionmakers  are  somehow  in- 
volved with  the  analysts  in  defining  the  specific  problems  and  alterna- 
tives. 


LESTER  S.  BROWN 

As  worldwide  affluence  spreads,  it  expresses  itself  in  the  rising 
demand  for  protein.  The  situation  of  rising  U.S.  food  prices  con- 
fronted in  recent  months  illustrates  this  phenomenon.  The  average 
American  consumer  has  increased  beef  consumption  from  55  pounds 
in  1940  to  117  pounds  in  1972. 

Rising  affluence  also  is  a  major  new  additional  claimant  on  world 
food  resources.  The  entire  northern  tier  of  industrialized  countries 
stretching  from  Ireland  and  Britain  in  the  West,  including  Scandi- 
navia, Western  Europe,  Eastern  Europe,  Soviet  Union,  and  Japan 
are  evolving  dietary  patterns  more  or  less  where  the  United  States 
was  in  1940.  A  substantial  share  of  the  increase  in  income  and  purchas- 
ing power  within  these  countries  now  translates  into  additional  plan- 
ning money  for  livestock  products.  Most  of  these  countries  cannot 
meet  this  additional  demand  from  local  resources.  We  are  seeing  a  very 
bullish  demand  for  worldwide  agriculture  products. 

The  world  food  market  may  be  in  the  process  of  being  transformed 
from  a  buyer's  market  to  a  seller's  market  just  as  the  world  energy 
market  has  been  transformed  over  the  past  2  or  3  years.  The  days  of 
cheap  food  and  cheap  protein  mav  well  be  behind  us. 

A  shortage  of  resources,  particularly  water,  is  beginning  to  con- 
strain efforts  to  expand  food  production.  Water  rather  than  land  is 
the  principal  constraining  factor  on  world  food  production. 

As  the  demand  for  animal  protein  rises  we  are  running  into  con- 
straints in  our  efforts  to  expand  the  three  important  sources  of  high 
quality  protein.  In  1989  the  world  fish  catch  trended  downward  for 
the  first  time  in  nearly  two  decades;  most  marine  biologists  feel  that 
the  world  catch  is  very  close  to  the  maximum  sustainable  level.  There 
are  sticky  international  political  issues  involved  in  allocating  the  catch 
to  various  countries  once  the  limit  to  catch  is  established  in  a  given 
fishery. 

Major  grazing  areas  for  l>eef  cattle  are  already  close  to  their  maxi- 
mum carrying  capacity,  dictated  primarily  by  rainfall. 

Yields  of  soybeans  have  been  restrained  because  soybeans  are  legumes 
and  have  their  own  built-in  nitrogen  supply.  Soybeans  are  not  respon- 
sive to  nitroo;en  as  is  corn. 

Three  policy  issues  derive  from  the  growing  world  scarity  of  food : 

(1)  As  consumers  of  fish  we  have  a  tremendous  stake  in  a  success- 
ful Law  of  the  Sea  Conference  which  begins  this  year  in  Chile.  If 
we  fail  to  evoke  a  cooperative  global  approach  t^  managing  oceanic 
fisheries,  we  face  a  decline  in  fish  and  rising  seafood  prices. 

(2)  We  are  now  in  a  situation  where  it  is  in  the  interest  of  Amer- 
ican consumers  as  well  as  consumers  in  the  Soviet  Union,  Japan,  Eu- 
rope, and  so  forth,  to  have  a  global  food  reserve  that  would  serve  as 
a  cushion  on  world  commodity  and  food  prices. 

(3)  As  we  begin  to  experience  increasing  scarcity  at  the  global 
level  not  only  for  energy  but  food,  forest  products,  minerals,  fresh 
water,  marine  protein,  and  so  forth,  we  need  to  reassess  population 
proiections  at  the  irlobal  level. 

The  technologies  that  underlie  our  economic  system  evolved  in  a 
situation  of  relative  resource  abundance.  As  we  move  into  a  period  of 
resource  scarcity,  we  need  to  reexamine  those  technologies  as  a  means 
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of  reducing  energy  consumption,  foreign  exchange  problems,  and  pol- 
lution problems. 

As  we  prepare  for  the  U.N.  Population  Ck)nference  in  1974,  one 
of  the  most  important  things  that  could  happen  would  be  for  the 
United  States  to  officially  adopt  zero  population  growth  as  a  national 
objective.  We  are  already  heading  toward  this  objective. 

ALFRED  HELLER 

An  organization  has  been  established  to  develop  a  model  plan  for 
the  future  of  California,  called  the  California  Tomorrow  Plan. 

The  study  on  which  the  plan  is  based  indicated  clear  need  for  poli- 
cies and  actions  in  four  broad  areas : 

(1)  Establish  State  planning  and  budgeting  in  a  central  agency  for 
bringing  about  strong  State  and  regional  planning. 

(2)  Coordination  of  Federal  grants  and  loans  to  serve  and  encourage 
strong  State  planning/budgetary  operations. 

(3)  Development  of  a  policy  to  guide  future  settlement  of  popula- 
tion and  establish  high  amenity  standards  for  air  quality,  pesticide  use, 
transportation,  open  space  planning,  and  so  forth. 

(4)  Acceptance  of  a  State  population  policy  of  zero  growth. 

STEVEN    SALTER 

The  Commission  on  Population  Growth  and  the  American  Future, 
after  spending  2  years  analyzing  the  implications  of  growth,  con- 
cluded that  the  stabilization  of  our  numbers  would  produce  important 
benefits. 

The  Commission's  research  showed  that  economic  growth  is  not  de- 
pendent on  an  ever-growing  population. 

The  research  program  also  found  that  water  shortages,  already  de- 
veloping in  the  Southwest,  would  eventually  spread  eastward  and 
northward,  despite  large  projected  expenditures  on  dams  and  reser- 
voirs. The  rate  of  national  population  growth  will  largely  determine 
how  soon  we  must  deal  wdth  scarce  resources. 

In  addressing  the  means  of  stabilizing  population  growth  the  Com- 
mission concluded  that  the  guiding  principle  should  be  to  encourage 
couples  to  have  only  those  children  that  are  wanted. 

One  of  the  most  effective  ways  to  reduce  the  number  of  children 
couples  have  is  to  increase  their  opportunities  to  enjoy  other  responsi- 
bilities and  satisfaction,  previously  denied.  Programs  enabling  women 
to  work,  improved  day  care  facilities,  increased  investments  in  educa- 
tion, job  development  for  the  poor,  and  family  planning  information  to 
all  citizens  desiring  it  are  examples. 

As  we  talk  about  planning  authority  we  should  also  be  dealing 
with  how  to  increase  the  time  horizons  of  individual  citizens,  and 
how  to  translate  long-term  concerns  into  individual  terms.  Education 
of  individuals  in  order  to  increase  their  perception  will  enhance  the 
Government's  ability  to  i^lan  for  these  problems. 
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PETER   S.   HUNT 


Barring  human  catastrophe,  we  still  have  opportunity  to  address 
the  real  problems — energy  shortages,  protein  deficiencies,  etc. — asso- 
ciated with  growth.  \ 

The  United  States  must  be  the  first  to  move  in  confronting  the 
growth  issue;  comparatively  we  have  the  greatest  capacity  and  re- 
sources to  assess  the  problem.  Not  only  does  this  country  have  the 
dollar  capital  and  personnel  necessary  to  deal  with  these  concerns,  but 
if  we  do  not  act,  it  will  be  difficult  for  us  to  bargain  in  good  faith  with 
other  nations  of  the  world. 

To  broaden  public  perception  and  reduce  our  response  time  special 
emphasis  should  be  given  to  public  education  on  these  problems.  Con- 
gressional hearings  will  stimulate  national  discussion  and  hopefully 
accelerate  the  decisionmaking  process  in  this  important  area. 

Actual  detailed  planning  should  be  handled  on  a  local,  suboriented 
or  geographically  oriented  basis,  with  a  top  group  coordinating  and 
providing  parameters  for  this  planning.  I  believe  that  the  Congress, 
which  in  toto  has  a  greater  longevity  and  better  time  perspective  than 
the  Executive  branch,  should  manage  this  coordination  function. 

It  is  difficult  to  predict  the  particular  crisis  that  would  force  the 
attention  of  our  society  to  the  growth  problem.  In  the  field  of  health, 
we  face  some  major  problems  that  could  again  have  a  huge  impact  on 
the  world  over  the  next  5  years.  World  food  problems  are  another 
potential  area. 

One  of  the  major  problems  of  understanding  growth  problems  is 
the  absence  of  an  adequate  welfare  accounting  system  in  this  country. 
No  one  at  this  point  is  making  the  effort  to  present  the  true  choices 
and  alternatives  in  a  futuristic  sense  to  the  public. 


GROWTH  AND  ITS  IMPLICATIONS  FOR  THE  FUTURE 


TUESDAY,   JVLAY   1,    1973 

House  of  Representattves, 
Subcommittee  on  Fisheries  and  Wildlife 

Conservation  and  the  Environment 
of  the  Committee  on  Merchant  Marine  and  Fisheries 

Washington,  D.O. 

The  subcommittee  met  at  10 :10  a.m.  in  room  1334,  Longworth  House 
Office  Building,  Hon.  Jolin  D.  Dingell  (chairman)  presiding. 

Mr.  Dingell.  The  subcommittee  will  come  to  order. 

Today  the  subcommittee  commences  hearings  on  what  may  prove  to 
be  one  of  the  most  important  issues  of  our  time  :  growth  and  its  impli- 
cations for  the  future.  "While  in  a  sense  this  question  has  been  consid- 
ered and  dealt  with  by  all  men  in  the  past,  it  is  presented  today  with 
an  urgency  which  is  perhaps  unique  to  our  time. 

No  natural  system  can  grow  exponentially  and  infinitely.  That  is 
a  truth  which  I  think  we  can  reasonably  hold  to  be  self-evident.  There 
are,  therefore,  somewhere  limits  to  growth.  Where  these  limits  are  to 
be  found,  and  the  costs  of  exceeding  them  are  matters  which  must  be 
explored. 

The  hearings  today  may  serve  to  start  the  process  of  exploration. 
To  help  us,  we  have  assembled  a  truly  distinguished  group  of  wit- 
nesses, all  of  whom  have  outstanding  qualifications  in  their  fields.  Last 
night  the  Woodrow  Wilson  International  Center  for  Scholars  invited 
these  gentlemen  and  several  of  us  here  to  discuss  these  questions  in  a 
preliminary  way,  and  those  discussions  were  most  enlightening.  In 
the  course  of  the  meeting,  I  presented  a  brief  paper  on  the  purpose  of 
these  hearings,  and  rather  than  repeat  my  remarks,  I  will  simply  ask 
that  they  be  included  in  the  record. 

[The  remarks  of  Mr.  Dingell  follow :] 

Remarks   of   Hon.    John   D.    Dingell,   Chairman,   House    Subcommittee   on 
Fisheries  and  Wildlife  Conservation  and  the  Environment 

"Growth", and  the  implications  of  growth  are  issues  which  involve  considerable 
controversy.  Some  tell  us  that  nothing  will  suffice,  if  we  are  to  have  a  livable 
tomorrow,  but  an  immediate  and  total  restructuring  of  society,  and  our  value 
systems.  Others  say  that  this  is  preposterous — that  existing  mechanisms  of  ad- 
justment are  and  will  be  adequate  to  help  us  ease  over  the  transition  period  as 
we  progress  into  a  future  whose  dimensions  are  slowly  becoming  clearer. 

In  my  view,  this  is  the  critical  area  of  difference  between  the  so-called 
"prophets  of  doom"  and  their  critics.  None  deny  that  the  winds  of  change  are 
blowing  or  that  the  implications  of  those  changes  will  be  substantial.  The  real 
decision  that  we  face  is  between  attempting  to  impose  a  rational  and  conscious 
choice  upon  the  alternatives  which  confront  us,  or  letting  the  future  take  care 
of  itself.  And  it  is  important  to  recognize  that  the  act  of  making  no  choice  is 
itself  an  act  of  choice. 

(1) 


To  choose  between  alternative  futures,  we  must  know  something  of  the  nature 
of  the  choices  that  must  be  made.  To  do  this  we  must  pose  questions  that  have 
not  yet  been  asked  of  any  society,  with  the  knowledge  that  we  may  be  playing 
for  bigger  stakes  than  we  have  ever  had  to  do. 

For  many,  perhaps  most,  the  concept  of  growth  has  traditionally  been  an 
unquestioned — perhaps  unquestionable — good.  The  first  serious  questions  of  this 
concept  have  tended  to  come  from  biologists  and  physicists,  to  whom  the  con- 
sequences of  uncontrolled  growth  have  been  visible  and  probable.  The  softer 
sciences,  such  as  sociology  and  economics,  have  been  somewhat  slower  to  get  the 
message — and  until  the  past  few  years,  there  has  been  little  effort  to  explore 
the  implications  of  uncontrolled  growth,  or  the  nature  of  the  controls  that  might 
be  appropriate. 

The  questions  that  we  must  ask  ourselves  are  not  clear.  Nor  are  the  conse- 
quences of  our  failure  to  ask  these  questions.  Neither  do  we  have  a  good  under- 
standing of  the  time  frame  within  which  we  must  act,  if  we  are  not  to  be  fore- 
closed from  exercising  rational  choices  by  the  passage  of  time.  It  is  to  these 
issues  that  the  hearings  of  our  subcommittee  which  begin  tomorrow  must  address 
themselves.  I  would  hope  that  the  outcome  of  these  hearings  will  be,  at  the  very 
least,  a  focused  and  thoughtful  discussion  of  these  questions,  with  perhaps  some 
consensus  on  some  of  the  underlying  problems  which  exist. 

I  would  suggest  one  such  area  of  possible  consensus :  I  have  never  heard  any- 
one suggest  that  there  are  not  in  fact  some  kinds  of  limits  to  growth.  These 
limits  may  be  physical,  or  biological,  or  social,  or  economic.  I  suspect  that  there 
are  limits  in  each  of  these  categories,  and  there  may  be  limits  in  other  categories 
as  well.  I  would  put  it  to  you  that  we  have  very  little  in  the  way  of  hard  knowl- 
edge of  what  these  limits  may  be.  This  in  turn  suggests  other  questions : 

If  there  are  limits  to  growth,  where  are  they  found? 

Are  such  limits  already  manifesting  themselves,  and  if  not,  how  are  they 
likely  to  do  so  ? 

How  soon  are  such  limits  likely  to  present  major  problems,  requiring  direct 
action  on  the  part  of  society  ? 

What  will  we  have  to  do  to  ease  the  pressures  that  such  limits  must  inevitably 
create? 

It  is  human  nature,  and  a  significant  ingredient  in  the  legislative  process,  to 
defer  decisions  as  long  as  possible.  In  consequence,  unfortunately,  we  often  wait 
too  late  to  make  decisions,  and  the  price  of  having  to  play  catchup  is  always 
high. 

When  we  combine  this  factor  with  those  relating  to  the  questions  of  growth 
policy,  the  problem  becomes  acute.  The  nature  of  the  consequences  of  growth 
appears  to  be  such  that  massive  and  revolutionary  responses  may  be  called 
for  on  the  part  of  society  within  a  very  short  period  of  time.  In  fact,  it  is  possi- 
ble and  I  suspect  very  likely,  that  we  are  already — consciously  or  otherwise — 
making  decisions  whose  long-term  consequences  are  undesirable  and  may  in- 
deed be  irreversible. 

Some  suggest  the  most  dismal  theorem  of  all :  that  because  man  tends  to  react 
only  to  crises,  the  last  and  best  hope  of  humanity  will  be  in  a  recurrent  series 
of  natural  disasters — ^disasters  which  Avill  demonstrate  to  the  satisfaction  of 
even  the  most  optimistic  or  hardheaded  that  we  must  change  our  ways  and  our 
values  if  we  are  to  survive.  There  i*.  of  course,  a  substantial  risk  that  such 
disasters  might  escalate  into  worldwide  conflict,  inducing  a  cascade  of  nuclear 
or  other  retaliation.  If  this  were  to  happen,  the  only  survivor  may  be  the  cock- 
roach, which  has  certainly  demonstrated  a  tenacious  capacity  for  survival. 

I  have  to  believe  that  we  can  do  better,  (and  I  do  not  mean  to  suggest  that 
this  scenario  is  the  most  likely  available).  What  I  do  suggest  is  that  we  must 
greatly  improve  our  capacity  for  extrapolating  the  present  into  the  future. 

As  a  first  and  necessary  step,  I  .stuppose.  we  must  develop  a  clearer  under- 
standing of  where  we  are  now.  That  is  easy  to  say,  of  course,  and  not  easy 
to  do.  But  it  seems  critical. 

Having  done  that,  we  may  then  be  in  a  position  to  say  that  in  10.  or  50,  or  100 
years,  we  are  likely  to  be  in  such-and-such  a  position,  if  that  is  where  we  want 
to  be,  all  well  and  good,  but  I  have  to  tell  you  that  I  don't  believe  for  a  minute 
that  where  we  will  be  in  100.  50,  or  even  10  years  if  we  take  no  action,  is  where 
we  would  be  if  we  could  avoid  it.  And — ^and  here  we  get  to  the  nub  of  the  prob- 
lem, and  the  reason  that  we  have  asked  you  to  be  with  us  at  this  time — we  can 
avoid  these  futures  if  we  ask  the  right  questions  and  do  the  right  things  in  time. 
But  we  have  not  yet  developed  the  tools  or  the  capacity — and  it  is  far  from  clear 
to  me  that  we  have  developed  the  will  to  do  what  must  be  done,  or  to  make  the 
sacrifices  that  will  have  to  be  made. 


The  bTirden  that  T  am  placing  upon  you  is  overwhelming.  No  single  person,  or 
group  of  persons,  can  carry  it.  But  society  must,  if  it  is  to  survive,  and  in  order 
to  do  so,  it  will  require  a  clear  indication  of  directions,  and  of  the  costs  and 
the  benefits  associated  with  its  actions,  (or  its  failure  to  act). 

I  have  asked  you  to  be  with  us  today  and  tomorrow  because  I  am  an  optimist, 
notwithstanding  the  heavy  dose  of  gloom  to  which  you  have  just  been  treated. 
I  do  believe  that  it  is  possible  for  society  to  begin  to  turn  itself  and  to  act  today 
for  a  tolerable  tomorrow. 

The  reason  for  our  inviting  you  to  these  hearings  is  to  help  us  begin  the  edu- 
cational process  in  which  the  Congress,  and  the  public,  should  now  be  participat- 
ing. No  one  supposes  for  a  minute  that  1  day  of  hearings  can  do  more  than 
scratch  the  surface,  but  it  can  perhaps  describe  the  surface  to  be  scratched 
and  ultimately  penetrated.  And  If  we  can  do  that.  I  think  that  we  can  assume 
that  it  will  have  been  an  effort  well  worth  while. 

]Mr.  DixGELL.  We  have  circulated  to  the  panel  a  list  of  issues  that  we 
hope  to  have  discussed  today.  There  may  be  others  that  are  considered 
appropriate,  and  I  certainly  do  not  mean  or  intend  to  foreclose  those. 
But  I  think  we  should  consider : 

What  are  the  limits  to  gro^vth  ? 

If  so,  where  are  they  found  ? 

Is  there  evidence  that  any  such  limits  are  beinc:  approached,  or  have 
even  been  exceeded?  If  not,  how  are  such  limits  likely  to  manifest 
themselves  first? 

How  soon  are  such  limits  likely  to  present  major  problems  of  a  kind 
that  will  require  direct  responsive  action  on  the  part  of  society? 

HoAv  will  society  have  to  react  in  order  to  e.ase  the  pressures  that  such 
limits  will  foreseeably  create  ? 

The  procedure  for  today  will  vary  somewhat  from  our  usual  hear- 
incrs:  We  have  asked  the  witnesses  to  act  as  a  panel  and  to  feel  per- 
fectly free  to  question  each  other  on  points  that  may  arise  in  the  course 
of  today's  discusions.  Each  of  the  witnesses  will  crive  a  very  brief  talk 
for  5  or  10  minutes  on  the  issues  in  question,  and  then  the  panel  will  be 
available  for  questions  from  members  of  the  subcommittee.  Also,  if 
members  of  the  audience  wish  to  submit  questions  for  possible  consider- 
ation by  the  panel,  I  would  in\ate  them  to  write  any  such  questions 
down  and  o-ive  them  to  the  clerk,  who  will  pass  them  on  to  us. 

The  Chair  is  particularly  pleased  to  welcome  to  the  panel  the  very 
distinguished  Gov.  Russell  W.  Peterson,  presently  serving  on  the 
Committee  on  the  Third  Century;  Dr.  Dermis  L.  ^leadows,  Thayer 
School  of  Engineering,  Dartmouth  College  who  had  a  great  deal  to  do 
with  the  very  fine  publication  Limits  of  Growth;  Dr.  Robert  A. 
Frosch,  assistant  executive  director.  United  Xations  Environment  Pro- 
gramme ;  Dr.  Lester  R.  Brown,  senior  fellow,  Overseas  Development 
Council;  Mr.  Alfred  Heller,  president,  California  Tomorrow;  Mr. 
Steven  Salyer,  Citizens'  Coimnittee  on  Population  and  the  ^Vmerican 
Future;  and  Mr.  Peter  S.  Hmit,  of  Peter  Hunt  Associates. 

Gentlemen,  if  you  would  please  for  the  purposes  of  the  record  identify 
yourselves  so  our  reporter  might  keep  the  names  straight.  We  will 
recognize  you  in  tuni. 

The  Chair  miglit  recognize  the  particular  privilege  here  we  have  of 
being  honored  by  the  presence  of  Governor  Peterson.  Your  energj'^  and 
knowledge  and  dedication  to  the  public  interest  are  well  known  to  the 
citizenrv'  at  large  and  are  a  matter  of  great  respect  by  the  present  oc- 
cupant of  the  chair. 


STATEMENT  OF  HON.  RUSSELL  W.  PETERSON,  FORMER  GOVERNOR 

OF  THE  STATE  OF  DELAWARE 

Governor  Peterson.  Thank  you,  Mr.  Chairman  and  members  of  the 
panel. 

First,  I  want  to  commend  you,  Mr.  Chairman  and  your  committee, 
for  sponsoring  these  hearings.  It  is  vital  to  Congress  and  to  all  the 
people  of  our  country  to  pay  a  lot  more  attention  to  the  future  and  to 
growth, 

I'ailure  to  make  a  long-range  decision  today  is  much  more  important 
to  us  than  it  was  50  years  ago  when  the  rate  of  change  was  much  less. 

Furthermore,  it  is  increasingly  important  that  in  making  decisions 
about  growth,  we  carefully  weigh  the  implications  of  those  decisions 
because  with  today's  rapid  communications  the  decisions  we  make  here 
at  home  can  have  an  immediate  impact  worldwide.  And  the  decisions 
made  other  places  in  the  world  can  have  an  immediate  impact  on  what 
we  are  doing  here  in  the  United  States. 

It  is  also  clearer  and  clearer  that  decisions  made  in  one  field  can 
have  an  impact  in  other  fields  without  our  recognizing  it.  So  to  weigh 
the  interactions  of  our  decisions  is  increasingly  important. 

There  are  a  number  of  views  of  growth  or  limits  to  growth.  No  one 
of  us  knows  for  sure  what  is  the  right  one,  but  it  is  important  to  get 
rid  of  the  myths  that  have  been  plaguing  us,  to  look  for  the  right  knowl- 
edge as  we  steer  the  way  into  the  future.  We  must  determine  where  we 
are  today  and  the  directions  in  which  we  are  heading,  and  then  set 
goals  toward  which  we  wish  to  move. 

One  of  our  first  requirements  is  to  become  more  expert  in  using  the 
tremendous  amount  of  knowledge  that  is  available  in  the  world  so  that 
we  can  define  the  trends  into  the  future ;  and  from  them  the  emerging 
problems.  Then  we  are  ready  to  consider  alternative  choices  for  the 
future,  to  weigh  the  desirability  of  various  alternates. 

I  have  been  doing  a  lot  of  reading  lately  about  limits  to  growth, 
arguments  pro  and  con.  It  pleases  me  that  all  of  these  authors  can  see 
an  optimistic  picture  for  the  future,  albeit  different  kinds  of  futures. 
If  we  make  the  right  decisions  today  each  of  them  can  see  a  desirable 
future,  one  that  looks  appealing  to  me  anyway, 

I  think  we  should  look  at  the  grant  problem  optimistically,  recogniz- 
ing we  need  to  become  more  knowledgeable  of  the  present  and  must 
plan  with  a  long-range  view  a  o^lobal  perspective  and  an  understanding 
that  decisions  made  in  one  field  can  have  a  surprising  impact  in  other 
fields. 

Thank  you,  Mr.  Chairman. 

Mr.  DiNGELL.  The  committee  thanks  you. 

If  you  wish,  you  might  address  yourself  at  this  time  or  perhaps 
later  to  some  of  the  particular  decisions  with  regard  to  growth  that 
you  in  Delaware  have  made  compared  with  the  future,  some  that  I 
think  marks  great  courage  on  your  part. 

Maybe  you  want  to  save  those  comments  for  later,  but  if  you  wish 
to  at  this  time  certainly  feel  free  to  do  so. 

Governor  Petersox.  All  right,  I  will  take  advantage  of  that 
opportunity. 


In  our  little  State  of  Del  ware  which  has  only  a  half  million  people 
and  only  2,000  square  miles  we  were  faced  with  a  decision  which  had 
worldwide  implications.  It  is  a  good  example  of  how  a  local  decision 
can  have  tremendous  impact  on  a  much  broader  scale,  worldwide,  for 
example. 

Sometimes  a  decision  which  is  right  locally  may  be  wrong  over  a 
larger  region. 

Sometimes  a  decision  made  on  the  local  basis  can  set  the  direction  for 
a  worldwide  decision. 

In  Delaware  we  have  an  oasis  with  unspoiled  beaches  and  wet- 
lands used  by  thousands  of  people  from  Washington.  Philadelphia,  and 
Baltimore  as  well  as  Delaware;  a  place  for  fishing  and  hunting  and 
swimming,  for  enjoying  the  outdoors.  But  that  same  area  became  an 
extremely  attractive  location  for  major  industrial  development. 
Thirteen  of  the  world's  largest  oil  companies  had  decided  to  exploit 
that  area  because  the  Delaware  Bay  was  the  best  bay  on  the  east  coast 
to  receive  deep  draft  tankers.  The  U.S.  Maritime  Commission  had 
been  working  with  those  oil  companies  to  pave  the  way  for  such  a 
venture. 

Major  transportation  companies  interested  in  moving  coal  from 
the  east  coast  to  Japan  and  bringing  iron  ore  to  the  east  coast  also 
were  interested  in  exploiting  that  bay. 

We  had  the  opportunity  to  build  as  much  as  $1  billion  worth  of 
industrial  facilities  in  10  years  or  to  hang  onto  that  unspoiled  area 
for  recreation  tourism.  We  decided  to  take  the  latter  course.  That  led 
to  a  knockdown,  drag  out  battle.  We  eventually  get  legislation  passed 
which  established  a  coastal  zone  in  Delaware  and  excluded  from  that 
area  such  industrial  construction  as  refineries  and  deepwater  ports. 

This  action  caused  many  repercussions.  The  rapidly  increasing  de- 
mand for  energy  in  this  country  will  probably  lead  to  serious  short- 
ages in  the  near  futiire.  To  minimize  the  shortages  a  tremendous  in- 
crease in  importation  of  oil  is  projected.  This  makes  Delaware  Bay 
look  more  and  more  attractive  to  the  oil  industries  as  a  place  to  bring 
in  the  big  tankers. 

Let  me  backtrack  a  minute.  When  I  was  fighting  for  the  coastal 
zone  legislation.  I  was  asked  to  come  here  to  Washington  by  the  former 
Secretary  of  Commerce,  Maurice  Stans,  to  explain  our  position.  He 
accused  me  of  being  disloyal  to  the  country.  I  told  him  I  thought  I 
was  being  loyal  to  the  country  because  I  was  helping  to  make  the  de- 
cision as  to  what  ought  to  be  the  direction  our  country  grows  in  the 
future.  Delaware's  decision  might  hasten,  for  example,  the  movement 
toward  ligliter  weight  cars  which  will  get  twice  as  many  miles  per 
gallon  of  gas,  equal  to  doubling  the  supply  of  gasoline. 

]\Ir.  Chairman,  our  decision  miglit  also  lead  to  increasing  capacity  at 
existing  refinery  sites  rather  than  building  new  refineries  on  virgin 
land.  It  could  speed  up  the  movement  toward  conservation  of  energy 
and  more  rapid  development  of  new  energy  sources.  Furthermore,  it 
would  make  people  in  other  localities  have  the  courage  to  stand  up  to 
build  the  kind  of  future  that  they  want  in  their  own  area. 

This  is  a  classical  example,  I  think,  of  a  local  problem  being  decided 
on  mainly  local  merits,  but  having  a  tremendous  impact  on  the  world- 
wide scene. 
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The  U.S.  Congress,  with  the  responsibility  of  representing  the  whole 
country,  should  in  planning  for  growth  look  at  the  overall  impact  of 
land  use  so  that  we  can  keep  in  proper  perspective  local  zoning  de- 
cisions and  national  and  worldwide  problems  and  opportunities. 

Thank  you. 

Mr.  DiNGELL.  Thank  you,  Governor,  very  much. 

Dr.  Meadows  ? 

STATEMENT  OF  DR.  DENNIS  L.  MEADOWS,  THAYER  SCHOOL  OF 
ENGINEERING,  DARTMOUTH  COLLEGE 

Dr.  Meadows.  Mr.  Chairman,  I  would  like  to  thank  you  for  the  in- 
vitation to  be  with  you  today.  I  hope  in  a  few  minutes  to  lay  the  foun- 
dations for  our  conversation  today  about  the  long-term  costs  and  bene- 
fits in  growth. 

Population  and  material  gi'owth  pose  a  range  of  problems  that  can- 
not be  solved  by  any  one  bill,  by  any  single  new  agency,  or  by  any  indi- 
vidual Executive  decision.  TheVssiimption  that  growth  is  desirable  and 
indeed,  inevitable,  underlies  virtually  every  one  of  the  economic  and 
political  institutions  in  our  country.  Thus  growth  is  an  issue  which 
has  its  ramifications  in  each  of  those  institutions. 

There  has  recently  been  concern  over  the  environmental  deterioi-a- 
tion  and  resource  scarcity  caused  by  material  growth.  I  am  optimistic 
that  if  we  identify  these  and  other  threats  as  well  as  the  benefits  in  con- 
tinued growth  we  can  take  appropriate  action  to  realize  the  maximum 
benefits  and  avoid  the  costs.  Until  now,  the  costs  of  growth  have  not 
been  identified  in  advance.  Our  country  has  simply  blundered  into 
pollution,  the  energy  crisis,  and  so  forth  before  making  any  advance 
preparations  to  avoid  them.  The  reasons  for  this  lack  of  foresight  will 
become  apparent  during  the  day.  This  committee  will  be  doing  a  great 
service  to  the  other  Members  of  Congress  and  to  the  executive  branch 
if  it  can  provide  a  forum  in  which  it  is  possible  to  develop  a  check- 
list of  the  long-term  consequences  that  should  be  considered  whenever 
a  new  bill,  or  agency  is  proposed. 

It  will  be  useful  in  our  conversations  to  differentiate  between  three 
kinds  of  growth. 

First,  there  is  demographic  growth  involving  absolute  increases  in 
the  number  of  people  in  this  countrv.  It  appears  that  we  have  reached 
replacement  fertility  in  the  United  States. 

If  that  is  true  and  if  it  is  sustained,  then  our  population  will  stabilize 
over  the  next  70  years  leaving  us  with  250  million  to  270  million  Amer- 
icans, 40  million  to  60  million  more  than  we  have  today. 

We  can  take  some  satisfaction  in  these  trends  toward  ending  popula- 
tion growth,  but  it  should  be  noted  that  we  have  already  passed  the 
level  of  population  that  would  be  optimum  for  our  country. 

The  recently  completed  Commission  on  Population  and  the  American 
Future  concluded  that  there  are  no  benefits  to  our  citizenry  in  having 
a  greater  population. 

Of  course  the  people  added  to  the  U.S.  population  each  vear  still 
have  a  greater  impact  on  the  world's  resource  requirements  and  on 
the  global  environment  than  the  population  added  in  many  of  those 
countries  where  we  think  population  is  "exploding,"  like  India  for 
example.  Each  American  consumes  20  to  50  times  more  energy,  mate- 
rials, and  food   (in  gram  equivalents) ,  than  each  Indian. 
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Although  the  absohite  rate  of  population  increase  is  declining  in 
the  United  States,  we  should  think  about  population  grouili  and  its 
implications. 

The  second  kind  of  growth  is  material  growth,  involving  increases 
in  the  extraction  of  raw  materials  from  the  earth,  in  their  transporta- 
tion, processing,  and  use  in  service,  industrial,  and  consumer  products. 
The  deterioration  of  the  environment  that  concerns  this  country  today 
can  be  traced  di  rectly  to  the  growth  in  material  usage. 

It  seems  I'ather  clear  that  thei-e  are  limits  to  material  growth.  The 
United  States,  with  one-sixth  of  the  world's  population  currently  con- 
sumes about  30  percent  of  the  natural  resources.  It  will  probably  be 
physically  and  politically  impossible  to  sustain  that  high  demand  on 
the  total  resource  base.  As  our  sources  of  supplies  shift  increasingly 
abroad,  and  as  we  therefore  lose  control  over  certain  important  com- 
ponents to  our  economy,  we  will  come  to  understand  the  very  real 
limits  to  gi-owth  in  material  consumption  and  the  need,  in  fact,  the  in- 
evitability of  stabilizing  material  use  so  that  it  is  consistent  with  the 
physical  and  the  political  limits  that  exist. 

The  third  area  of  growth  is  growth  in  social  services:  in  health,  edu- 
cation, cultui-e,  and  in  our  understanding  of  the  world  and  of  ourselves. 
Here  it  is  difficult  to  see  any  necessai-y  limits  to  gro\\i:h.  Indeed,  I  hope 
that  our  economy  will  continue  to  expand  in  its  provision  of  services 
for  some  time. 

In  fact  growth  in  services  is  more  likely  if  we  can  stabilize  our 
population  and  bring  material  growth  to  an  end. 

Associated  with  material  growth  are  two  different  kinds  of  prob- 
lems. The  first  is  the  pressure  exerted  on  the  finite  natural  environ- 
ment by  the  sheer  physical  magnitude  of  our  demands  in  energy, 
materials,  and  so  forth.  The  energy  crisis,  the  high  price  of  food,  and 
environmental  deterioration  are  all  symptoms  of  this  problem. 

In  this  problem  area,  the  committee's  work  is  complemented  by  the 
work  of  many  other  agencies  which  are  addressing  the  individual 
symptoms  of  a  strained  bio  and  geosystem.  The  second  problem  area 
associated  Avith  growth  arises  from  the  tremendous  rate  of  change 
which  material  growth  imposes  on  our  social  and  political  institutions. 

Mr.  Chairman,  when  we  realize  that  over  the  next  15  years  we  must 
mobilize  as  many  raw  materials  as  have  been  extracted  during  all  of 
man's  history  on  this  globe,  over  the  next  10  or  15  years  we  must  de- 
sign, manufacture,  install,  and  bring  into  full  operation  as  much 
power  production  equipment  as  has  been  accumulated  up  to  this  point 
in  our  history,  we  begin  to  have  some  feeling  for  the  rapid  rate  of 
change  which  has  to  be  accommodated  by  a  social  system  experiencing 
material  growth. 

Here  it  seems  to  me  is  the  greatest  area  of  ignorance.  The  social 
and  political  limits  to  growth  associated  with  our  poor  ability  to 
perceive  distant  probleins,  and  with  the  slow  response  times  that  we 
have  in  determining  new  goals  and  finding  new  solutions  are  as  real  as 
the  most  tangible  physical  limits.  There  may  even  be  limits  to  the 
ability  of  our  institutions  as  they  are  currently  structured  to  manage 
large,  interdependent,  socioeconomic  systems. 

These  social  limits  to  growth  pose  two  challenges.  Greater  time 
horizons  are  now  required  if  we  are  to  acconnnodate  increase(l  popula- 
tion and  material  consumjition.  A  greater  degree  of  lateral  intercon- 
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nectiveness  must  be  explicitly  acknowledged  in  the  design  of  our  goals 
and  our  institutions  if  we  are  to  satisfy  our  national  goals  in  a  period 
of  growth. 

Although  the  decisions  we  make  today  in  accommodating  material 
growth  will  have  an  influence  on  the  population  30  or  50  years  from 
now,  we  make  our  decisions  on  the  basis  of  short-term  considerations.' 
Political  decisionmakers  look  only  at  those  costs  and  benefits  which 
are  likely  to  materialize  before  the  next  election.  Industrial  decision- 
makers have  a  time  horizon  governed  by  interest  rates,  5  or  10  years 
at  the  most. 

The  short  time  horizon  is  perfectly  a  dequate  if  the  results  of  current 
decisions  can  be  reversed  at  any  point  in  the  future.  But  most  of  our 
important  social  decisions  are  now  irreversible.  Therefore  we  have  to 
extend  our  time  perepectives,  bringing  a  longer  term  planning  horizon 
to  bear  on  current  decisions. 

The  lateral  interconnectiveness  poses  a  new  problem.  When  two 
political  entities  must  coordinate  their  policies,  it  is  possible  to 
construct  a  new  entity  at  a  higher  level.  This  new  entity  then  dominates 
the  subentities  and  forces  coordination  between  their  policies.  This 
has  been  the  response  in  this  country.  We  have  shifted  more  and  more 
power  to  the  Federal  Government.  An  alternative  means  of  coordina- 
tion would  be  to  develop  new  ethics  which  spell  out  the  obligation 
of  those  two  entities  to  each  other  over  time.  Instead  of  continuing 
the  centralization  of  power  this  latter  approach  could  be  employed 
to  begin  accommodating  the  pressures  which  are  being  felt  down  at 
the  State  and  local  level. 

It  is  within  the  general  conceptual  outline  outlined  above  that  I 
will  be  discussing  with  you  and  the  other  members  of  the  panel  today 
the  long-term  causes,  the  costs  and  benefits  of  growth. 

Thank  you. 

Mr.  DiNGELL.  The  committee  thanks  you  and  the  committee  is  keenly 
aware  of  your  interest  and  concern  in  this  important  area. 

Our  next  witnpss  is  D'\  Robert  A.  Frosch.  .Assistant  Executive  Di- 
rector, United  Nations  Environment  Programme.  He  is  also  former 
Assistant  Secretary  of  the  Navy  for  Research  and  Development. 

Doctor,  it  is  a  privilege  to  have  you. 

STATEMENT  OF  DR.  ROBERT  A.  FROSCH,  ASSISTAITT  EXECUTIVE 
DIRECTOR,  U.N.  ENVIRONMENT  PROGRAM 

Mr.  Frosch.  Thank  you.  Mr.  Chairman.  I,  too,  appreciate  the  initia- 
tive and  work  of  this  committee  in  starting  more  public  discussion  on 
this  subject. 

I  would  like  to  expand  somewhat  on  what  Dr.  Meadows  said,  but 
with  a  global  perspective. 

At  the  Stockholm  Conference  on  the  Human  Environment,  there  was 
a  general  agreement  among  governments  that  there  were  problems 
with  the  environment,  broadly  defined,  but  a  kind  of  regional  disagree- 
ment about  the  nature  of  the  most  acute  problems.  That  is,  the  coun- 
tries that  were  highly  industrialized  and  had  reached  a  very  rapid 
growth  phase  were  niost  concerned  about  the  effects  of  growth  itself 
and  particularly  the  effects  of  growth  on  their  environment  and  on 
the  global  environment. 
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The  countries  that  had  not  reached  the  stage  of  rapid  growth  were 
most  concerned  about  the  environmental  problems  that  they  saw  for 
themselves,  stemming  in  fact,  from  their  lack  of  growth  and  their  lack 
of  industrialization. 

The  program  that  was  laid  out  on  the  environment  in  the  Stockholm 
recommendations  contains  elements  of  both  kinds  of  environmental 
l)roblems. 

I  must  note  that  some  of  the  countries  that  were  less  concerned 
about  global  environmental  effects,  because  they  were  more  concerned 
about  their  own  need  for  development,  have  subsequently  begun  to  be 
concerned  about  the  effects  of  development,  particularly  if  it  is  not 
carefully  done  and  carefully  controlled. 

This,  I  think,  is  a  global  example  of  the  kind  of  problem  of  local 
choice,  and  what  Dr.  ^leadows  has  called  lateral  interconnectiveness. 

It  also  is  an  example  of  a  time  scale  problem.  In  a  certain  sense,  we 
might  say  that  the  United  States  is  in  the  fortunate  position  where  it 
can  afford  to  worry  about  30  years,  50  years,  and  100  years  because  it  is 
relieved  of  the  necessitv  to  worry  about  5  years  and  10  years. 

The  attitude  of  some  of  the  developing  countries  is  driven  by  the 
fact  that  they  are  worried  about  this  year  and  next  year  and  the  next 
5  years.  They  might  be  said  to  have  a  concern  as  to  whether  their  coun- 
try will  last  long  enough  as  an  internally  viable  developing  entity  to 
worry  about  the  later  effects  of  growth. 

This  raises  another  kind  of  question  :  if  there  is  an  overall  aggregate 
limit  to  growth,  what  does  this  imply  about  growth  and  change  in 
individual  regions,  whether  they  be  global  or  within  the  United 
States  ? 

One  could  say  there  are  limits  to  growth  when  you  are  talking  about 
an  overall  limit,  and  yet  there  may  be,  within  that  overall  limit,  many 
questions  of  rearranging  growth  and  growth  capacity.  In  some  cases, 
there  has  been  a  confusion  between  change  and  growth,  particularly  in 
cases  where  growth  was  seen  as  the  only  means  to  economic  continuity 
and  to  the  continuation  of  employment  for  sectors  of  the  population. 

It  may  be  that  change  without  absolute  growth  can  also  be  a  means 
of  economic  continuation  and  a  kind  of  economic  and  cultural  growth 
without  leading  to  an  overall  material  growth. 

This  raises  once  again  the  question  of  time  scale  and  makes  the 
question  of  when  the  growth  problems  become  acute  very  much  more 
pointed,  because  it  makes  the  time  scale  concerns  of  different  localities 
and  different  regions  different. 

Within  the  differences,  however,  there  has  been  a  large  measure  of 
agreement  on  the  fact  that  there  is  great  human  pressure  on  the 
global  environment,  in  the  ordinary  sense  of  pollutants  and  their  effect 
on  health,  and  in  a  long  range  and  larger  sense,  of  the  effect  of  human 
activities  and  pollutants  on  climate  itself  and  on  the  state  of  the  oceans, 
both  for  their  own  sake  and  because  of  their  effect  on  the  global 
climate. 

Within  the  developing  countries^ — while  these  problems  are  fre- 
quently perceived  as  secondary  to  them — there  are  impoi-tant  prob- 
lems of  local  human  environment,  some  of  which  have  global  implica- 
tions. These  include  the  si)read  of  deserts,  which  can  be  seen  as  a  prob- 
lem of  local  agronomy  and  local  economy  in  many  countries,  but,  none- 
theless, if  they  continue  too  far  and  too  long  to  themselves,  have  an 
effect  on  global  climate  and  an  effect  upon  all  of  us. 
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The  same  is  true  of  use  and  area  of  the  forests  of  the  world.  As 
Dr.  Meadows  pointed  out,  as  a  major  consiuner  of  overseas  resources, 
we  must  be  concerned  about  the  effects  of  our  consumption  not 
only  in  terms  of  the  material  that  we  require,  but  the  effects  on 
the  global  environment  of  our  consumption  (and  of  everyone  else's 
consumption)  of  resources,  and  the  effects  of  this  consumption  on  the 
means  by  which  international  trade  is  carried  out,  since  these  means 
affect  other  coimtries  even  through  the  environmental  actions  that 
we  take  to  protect  ourselves  and  the  global  environment. 

Wlien  we  set  requirements  on  pollutants  and  food  imports  or  other 
imports,  we  are  having  direct  effects  on  other  countries  which  may, 
because  of  the  long  term  interconnectiveness,  come  back  and  have 
effects  on  ourselves  later. 

In  essence,  I  am  afraid  that  I  am  saying  that  when  we  look  at  the 
problem  of  interconnectiveness  on  the  global  scale  with  respect  to 
growth,  it  gets  more  complicated,  even,  than  looking  at  the  internal 
interconnectiveness  of  the  United  States. 

One  subject  that  has  come  up  in  our  efforts  to  lay  out  a  program 
following  the  Stockholm  recommendations  has  been  the  question  of 
what  I  might  call  world  materials  flow.  This  relates  to  Dr.  Meadow's 
comment  about  the  necessity  to  extract  major  quantities  of  resources 
if  we  are  to  go  on  even  with  the  rate  of  growth  of  population  that  is 
now  apparently  inevitable  in  the  United  States. 

This  raises  a  number  of  questions  on  the  management  of  materials, 
not  only  in  terms  of  extraction  but  in  terms  of  use  of  materials  already 
used:  recycling.  Something  broader  than  what  is  ordinarily  meant 
by  recycling  may  be  involved.  There  is  a  future  possibility  of  a  trade- 
off  between  renewable  resources  and  nonrenewable  resources.  In  cases 
of  use  of  extracted  and  not  replaceable  materials,  we  may  need  to 
consider  the  use  of  other  materials  which  can  be  grown  or  otherwise 
replaced. 

Our  particular  interest  in  the  U.IST.  Environment  Programme  is  prin- 
cipally in  the  area  of  the  effects  of  growth,  various  kinds  of  growth, 
on  the  environment,  and  this  appears  to  be  an  important  parameter 
in  the  question  of  what  growth  we  may  continue  to  have,  and  what 
kind  of  growth  we  may  continue  to  have  before  reaching  severe  dif- 
ficulties. 

It  is  important,  I  think,  to  note  that  while  we  have  attempted  to 
talk  about  growth  in  terms  of  physical  problems,  and  biological  prob- 
lems that  are  generated  by  sheer  numbers,  there  is  a  good  deal  of 
evidence  that  these  problems  can  be  exaggerated  by  social  problems 
that  come  with  numbers  and  concentrations  and  that,  in  fact,  the 
limits  to  growth  may  not  be  physical;  they  may  be  bureaucratic  in 
the  sense  already  referred  to,  the  failure  of  our  ability  to  coordinate 
larger  and  larger  entities,  and  they  may  be  social  in  the  sense  of  social 
difficulties  that  arise  in  highly  concentrated  human  populations. 

All  of  these  interacting  problems  make  it  extremely  difficult,  of 
course,  to  make  predictions  that  are  accurate  and,  in  a  sense,  the 
question  may  not  be  so  much  the  matter  of  predicting  accurately,  but 
predicting  well  enough  so  that  reasonable  actions  may  be  chosen,  so 
that  we  may  decide  in  what  directions  to  go,  even  though  we  cannot 
predict  very  far  ahead. 

Thank  you. 
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Mr.  DiNGELL.  Doctor,  we  thank  you  for  a  very  helpful  presentation. 

Our  next  panel  member  is  Dr.  Lester  R.  Brown,  senior  fellow, 
Overseas  Development  Council.  He  is  also  former  Administrator  of 
the  International  Agricultural  Development  Service  of  the  U.S.  De- 
partment of  Agriculture. 

STATEMENT  OF  DR.  LESTER  R.  BROWN,  SENIOR  FELLOW,  OVERSEAS 

DEVELOPMENT  COUNCIL 

Mr.  Brown.  Thank  you,  Mr.  Chairman.  Let  me  first  express  my 
personal  gratitude  to  Governor  Petei-son  and  the  work  he  has  done 
in  Delaware.  As  one  who  grew  up  on  a  farm  along  the  Delaware  Bay, 
I  appreciate  very  much  what  you  did  there. 

Secondly,  I  want  to  connnend  this  committee,  as  have  those  who  have 
spoken  before  me,  for  taking  this  initiative  to  air  a  set  of  issues  that  are 
as  critical  as  any  before  our  society  this  day. 

We  badly  need  illumination  on  some  of  these  issues,  and  I  would 
like  to  use  the  few  minutes  available  to  me  this  morning  not  to  deal 
with  the  broader  issues  in  which  I  am  interested,  but  which  I  think 
have  been  covered  well  by  Governor  Peterson,  Dennis  Meadows,  and 
Robert  Frosch,  who  have  gone  before,  but  rather  to  take  a  specific 
subsector  of  the  total  system,  the  food  system,  and  elaborate  on  it  a 
bit.  There  has  been,  I  think,  a  great  deal  of  confusion  as  to  what  or 
who  has  been  responsible  for  the  rising  food  prices  that  all  of  us  have 
been  confronted  with  in  recent  months. 

Twice  in  the  past  several  weeks,  once  in  Hartford,  Conn.,  and  again 
in  Los  Angeles,  I  watched  interviews  on  TV  with  some  of  the  women 
who  had  organized  the  protest  of  a  couple  of  weeks  ago,  and  noted  with 
considerable  interest  their  res]:>onse  to  the  questions  raised  by  the  TV 
interviewers,  "Who  is  responsible  for  the  rising  food  prices  that  you 
see  in  supermarkets?  Who  is  your  message  for?  Wlio  are  you  trying 
to  reach? 

The  women  had  great  difficulty  answering  this  question.  Tliey  didn't 
think  the  supermarkets  themselves  were  primarily  responsible.  They 
did  not  want  to  put  all  the  blame  on  tlie  farmer,  and  they  did  not 
have  a  very  clear  idea  as  to  who  the  middleman  was  who  got  two- 
thirds  of  the  dollars  they  spent  at  supermarket  cash  registers. 

What  they  had  never  stopped  to  ask  themselves  was :  Might  I  be 
responsible  ?  As  an  average  American  consumer  we  have  increased  beef 
consumption  from  55  pounds  in  1940  to  117  pounds  in  1972,  and  as  an 
average  American  parent  we  have  contributed  to  a  57-percent  increase 
in  the  U.S.  population  over  that  period.  The  combined  effect  of  this 
doubling  of  per  capita  consumption  and  increase  in  population  has 
tripled  our  national  beef  consumi3tion  and  has  also  made  us  the  world's 
leading  beef  importer,  richly  endowed  in  agricultural  resources 
though  we  are. 

Tliore  has  been  a  tendency  in  recent  weeks  to  blame  this  on  some 
of  the  sliort-term  factors  at  Avork  in  the  world  food  situation;  the  4.5- 
percent  decline  in  the  Asian  rice  crop,  the  steep  shortfall  in  the  Soviet 
wlieat  harvest,  and  the  disappearance  of  the  anchovies  off  the  coast 
of  Peru  for  a  period  of  several  months.  But  we  should  not  lose  sight 
of  some  rather  fundamental  longer  term  forces  at  work  here,  forces 
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which  I  think  are  transforming  the  nature  and  dimensions  of  the  world 
food  problem. 

During  the  1960's,  those  of  us  who  were  actively  wrestling  with 
the  food  problem  then  saw  the  food  problem  primarily  as  a  food 
population  problem.  At  the  end  of  each  year  we  would  compare 
the  increases  in  food  production  with  those  of  population,  and  it  was  a 
close  race. 

World  population  growth  continues  to  be  rapid,  but  in  the  early 
1970's  we  are  witnessing  the  emergence  of  rising  affluence  as  a  major 
new  claimant  on  world  food  resources.  This  increase  in  affluence  is 
reflected  in  the  increase  in  consumption  of  livestock,  particularly  beef, 
which  I  mentionad  earlier,  that  has  occurred  in  this  country  over  the 
past  generation.  Now  the  entire  northern  tier  of  industrial  countries, 
stretching  from  Ireland  and  Britain  in  the  west,  and  including  Scan- 
dinavia and  Western  Europe,  Eastern  Europe,  the  Soviet  Union,  and 
Japan,  is  experiencing  marked  changes  in  dietary  patterns.  These 
countries  are  now  more  or  less  where  we  were  in  1940  in  the  evolution 
of  their  dietary  patterns. 

A  substantial  share  of  the  increase  in  income  and  purchasing  power 
within  these  countries  now  translates  into  additional  expenditures  for 
livestock  products,  and  as  it  does,  we  find  that  most  of  these  countries 
cannot  meet  this  additional  demand  entirely  from  local  resources. 
They  must  either  import  some  of  the  livestock  products  as  such,  or 
import  the  feed  grains  and  soybeans  to  produce  them. 

On  the  supply  side,  we  are  also  seeing  some  very  significant  new 
factors  beginning  to  emerge.  In  a  more  general  way,  resource  shortages, 
particularly  of  water,  are  beginning  to  constrain  efforts  to  expand 
food  production.  Indeed,  I  think  we  have  now  reached  the  point  where 
water  rather  than  land  is  the  principal  constraining  factor  on  world 
food  production.  Environmental  constraints  in  a  very  broad  way  are 
also  begining  to  operate  and  to  affect  efforts  to  increase  production. 

But  as  affluence  rises  rapidly,  it  is  expressed  particularly  in  the 
demand  for  protein,  and  it  is  interesting  to  note  that  just  as  the  demand 
for  animal  protein  is  rising  very  rapidly,  we  are  running  into  con- 
straint in  our  efforts  to  expand  the  supply  of  three  important  sources 
of  high-quality  protein.  The  first  of  these  is  marine  protein,  seafood. 

From  1950  to  1968,  the  world  fish  catch  increased  to  a  new  record 
each  year,  expanding  by  an  average  of  about  5  percent  per  year.  This 
greatly  increased  our  per  capita  supply  of  seafood  during  this  period, 
but  then  in  1969  the  world  fish  catch  declined  for  the  first  time  in 
nearly  two  decades,  and  since  then  it  has  been  fluctuating  rather 
impredictably. 

Many  marine  biologists  feel  that  the  world  catch  of  table-grade  fish 
is  very  close  to  the  maximum  sustainable  level.  Indeed,  of  the  30-odd 
leading  commercial  species  of  fish,  a  large  and  growing  number  are 
now  being  overfished ;  that  is,  we  cannot  sustain  the  catch  of  several 
of  these  species  even  at  the  current  level. 

One  of  the  issues  that  I  think  is  of  increasing  interest  as  we  look 
at  scarce  and  in  some  cases  finite  resources  is  how  this  affects  compe- 
tition among  countries  for  these  resources.  Once  we  approach  the  limits 
of  expansion  in  the  use  of  a  particular  resource,  we  must  confront 
the  problems  of  international  competition  and  allocation — problems 
much  more  complex  and  difflcult  than  merely  increasing  production  of 
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a  resource.  The  issues  shift  from  how  to  expand  the  pie  to  how  to  di- 
vide the  pie.  In  world  fisheries  we  are  now  at  the  point  where  the  issue 
is  becoming  how  to  divide  the  pie. 

The  question  is,  how  do  you.  once  you  have  established  the  limit  on 
a  given  species  in  a  given  fishery,  allocate  that  cat^'h  among  countries? 
Do  you  base  the  formula  for  allocating  catch  on  historical  shares,  on 
the  extent  of  investment  in  fishing  fleets,  on  the  size  of  the  population 
of  the  various  countries  involved,  on  nutritional  needs,  on  coastal  prox- 
imity, or  on  any  of  many  other  factors? 

Tliese  are  the  veiy  sticky  international  jxjlitical  issues  that  must  be 
sorted  out  at  the  Law  of  the  Sea  Conference  that  begins  this  year  and 
continues  into  1974. 

So  much  for  marine  protein. 

A  second  area  in  which  we  are  having  difficujty  in  expanding  pro- 
tein supplies  is  beef.  We  have  not  been  able  to  devise  any  commercially 
satisfactory  way  of  getting  more  than  one  calf,  per  cow  per  j^ear,  and 
so  for  every  animal  that  we  put  into  the  production  process,  we  must 
maintain  one  adult  animal  for  1  year.  If  it  were  not  for  the  fact  that 
many  of  the  world's  major  grazing  areas — the  Great  Plains  of  the 
United  States,  the  East  African  Plateau,  and  large  areas  of  Austra- 
lia— were  not  already  close  to  their  maximum  carrying  capacity,  this 
would  not  be  a  serious  problem,  but  unfortunately  that  is  not  the  case. 
We  are  faced  with  a  growing  appetite  for  beef  throughout  the  world, 
and  we  are  having  difficulty  expanding  supply  as  rapidly  as  demand. 

A  third  source  of  protein,  one  which  is  becoming  increasingly  im- 
portant, at  the  global  level  and  for  which  we  are  having  difficulty 
expanding  the  supply,  is  soybeans. 

We  have  not  been  able  to  achieve  a  breakthrough  in  soybean  yields. 
From  1950  to  1972  in  this  country,  which  now  produces  three-fourths 
of  the  world's  soybean  product,  we  have  increased  soybean  yields  per 
acre  just  over  1  percent  per  year.  That  contrasts  with  4  percent  for 
corn. 

One  reason  we  have  not  been  able  to  get  a  breakthrough  in  the  soy- 
bean yield  per  acre  is  that  soybeans  are  legumes,  with  their  own  built- 
in  nitrogen  supply,  and  are  not  as  responsive  to  the  application  of 
nitrogen  fertilizer  as  is  corn. 

We  have  increased  our  production  of  soybeans  fourfold  since  1950 
but  the  great  bulk  has  come  from  expanding  the  area  in  soybeans. 
We  get  more  soybeans  by  planting  more  soybeans  and  according  to 
the  planting  intentions  report  issued  by  the  Department  of  Agricul- 
ture in  March  of  this  year,  more  than  1  acre  in  every  7  acres  of  crop- 
land will  be  devoted  to  production  of  soybeans  in  the  United  States 
in  1973. 

The  production  of  soybeans  has  increased  dramatically  in  the  United 
States.  Om"  exports  have  increased  even  more  dramatically.  Soybeans 
have  now  become  our  leading  export  commodity  in  response  to  grow- 
ing world  demand  for  high-quality  protein,  and  we  are  exporting  in 
value  terms  more  soybeans  than  we  are  wheat,  or  other  feed  grains. 
In  fact,  in  value  terms,  soybean  exports  exceed  those  of  our  high  tech- 
nology exports  such  as  jet  aircraft,  computers,  et  cetera. 

My  basic  conclusion  from  a  fresh  examination  of  the  world  protein 
situation,  one  which  will  update  the  examination  of  the  food  situation 
I  did  in  "World  Without  Borders,"  published  several  months  ago, 
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is  that  the  world  food  market  may  be  in  the  process  of  being  trans- 
formed from  a  buyer's  market  to  a  seller's  market,  much  as  the  world- 
energy  market  has  been  transformed  over  the  past  2  or  3  years.  The 
days  of  cheap  food  and  cheap  protein  may  well  be  behind  us. 

Now,  as  a  country,  if  there  was  any  area  in  which  we  thought  we 
were  invulnerable  it  was  in  our  capacity  to  supply  an  adequate  supply 
of  low-cost  food.  But  suddenly  we  find  ourselves  in  a  position  where 
we  are  sharing  food  scarcity  with  consumers  in  the  Soviet  Union. 

Many  have  asked,  including  some  Members  of  Congress,  why  don't 
we  limit  our  exports  of  farm  products  in  order  to  bring  food  prices 
down  here?  If  we  were  to  limit  our  exports  of  farm  products  we 
would  bring  food  prices  down  to  a  much  more  tolerable  level,  but  we 
cannot  forget  our  growing  dependence  on  imports  of  energy  and 
other  needed  raw  materials.  One  way  we  can  hope  to  pay  the  growing 
import  bill  for  these  items  is  to  expand  our  exports  of  farm  products. 
We  really  have  no  choice  but  to  share  food  scarcity  with  other  coun- 
tries of  the  world. 

Let  me  quickly  focus  on  three  policy  issues  that  derive  from  the 
growing  world  scarcity  of  food  which  loom  very  large  for  us  as  a 
country.  As  you  know,  the  Law  of  the  Sea  Conference  begins  late  this 
year  in  Santiago,  Chile.  As  consumers  of  fish  we  have  an  enormous 
stake  in  a  successfid  Law  of  the  Sea  Conference,  one  which  evolves  the 
institutional  framework  whereby  we  can  cooperatively  manage  oceanic 
fisheries. 

If  we  fail  in  this,  and  it  is  a  very  complex,  very  difficult  issue  that 
we  are  dealing  with,  then  we  face  the  i^rospect  that  the  global  catch 
of  many  important  species  of  fish  will  begin  to  decline  in  a  rapid 
fashion,  much  as  they  did  for  whales  beginning  15  or  20  years  ago 
when  we  were  not  able  to  achieve  the  global  cooperation  needed. 

If  we  fail  to  evolve  a  cooperative  global  approach  to  managing 
oceanic  fisheries  we  face  both  a  decline  in  the  catch  of  many  important 
types  of  fish,  and  rising  seafood  prices  which  will  make  those  of  the 
past  2  years  seem  very  modest  by  comparison. 

We  also  need  to  remind  ourselves  that  we  now  import  two-thirds  of 
all  the  fish  we  consume.  We  are  heavily  dependent  on  the  rest  of  the 
world  for  our  supplies  of  marine  protein. 

A  second  point.  If  my  assessment  of  the  world  food  situation  in  the 
1970's  is  correct  we  are  moving  into  a  situation  where  not  only  will 
world  grain  reserves  more  likely  be  low  than  high,  not  like  the  sur- 
pluses we  had  in  the  1950's  and  1960's,  but  also  where  the  50  million 
idle  acres  out  of  350  million  acres  of  U.S.  cropland  that  we  have  had 
over  the  past  dozen  years  may  well  be  called  back  into  production. 
Indeed,  a  major  share  of  it  is  being  called  into  production  this  year. 

If  we  find,  ourselves  in  the  1970's  with  low  food  reserves,  and  without 
this  50  million-acre  cushion  that  we  have  had  for  the  past  dozen  years, 
then  we  need  to  give  serious  thought  to  creating  an  internationally 
managed  global  food  reserve,  because  if  we  do  not  we  will  find  our- 
selves subject  to  a  period  of  food  price  volatility  unlike  any  we  have 
seen  in  recent  times. 

I  think  this  is  an  issue  that  the  United  States  has  not  as  a  Govern- 
ment addressed  itself  to.  We  are  now  in  a  situation  where  it  is  in  the 
interest  of  American  consumers  as  well  as  consumers  in  the  Soviet 
Union,  the  developing  countries,  Japan  and  Europe,  to  have  a  global 
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food  reserve  that  would  serve  as  a  cushion  to  help  stabilize  world 
commoditv  and  food  prices. 

The  third  policy  issue  which  looms  large  at  the  global  level  is 
population  policy. 

If  we  are  beginning  to  experience  increasing  scarcity  at  the  global 
level  not  only  for  energy,  but  for  food,  forest  products,  minerals,  fresh 
water,  marine  protein,  et  cetera,  then  the  need  to  reassess  the  implica- 
tions of  population  projections  at  the  global  level  will  become  a  mat- 
ter of  great  concern. 

We  must  begin  to  ask  ourselves,  if  with  3.7  billion  people  in  tEe 
world  we  are  experiencing  scarcity  to  the  degree  we  are  now,  what  will 
it  be  like  at  the  end  of  the  century  with  6.5  billion  people  ? 

As  we  do  that,  I  think  the  urgency  of  stabilizing  world  population 
growth  sooner  rather  than  later  will  become  obvious. 

It  distresses  me  that,  as  a  country,  we  have  not  established  as  a 
national  objective,  population  stability :  zero  population  growth.  This 
is  important. 

Mr.  Chairman,  it  is  particularly  important  in  the  international 
arena,  with  World  Population  Year  coming  up  next  year.  We  are 
bein<r  accused  of  not  practicing  what  we  preach  because  we  are  press- 
ing other  countries,  particularly  developing  countries,  to  stabilize 
their  populations  without  ourselves  having  the  stabilization  of  our 
own  population  as  an  official  objective.  This  is  something  we  could  do 
that  could  make  a  great  deal  of  difference  at  the  global  level  in  the  way 
in  which  people  think  about  the  population  problem,  and  it  has  the 
great  advantage  that  it  does  not  cost  any  money,  because  we  are  already 
moving  toward  population  stability. 

Not  only  have  we  reached  replacement,  but  the  birth  rate  figures  for 
January  1973  indicate  a  continuing  precipitous  decline  in  the  U.S. 
birth  rate. 

If  this  trend  of  the  past  18  months  continues  we  will  reach  popula- 
tion stability,  zero  population  growth,  before  the  end  of  this  decade. 
No  one  knows  whether  that  trend  will  continue,  but  since  we  are  mov- 
ing in  this  direction  we  ought  to  take  political  credit  for  it  in  the 
international  arena. 

Such  a  declaration  makes  a  great  deal  of  sense  to  me  and  does  not 
renuire  the  appropriation  of  any  additional  funds. 

Thank  you. 

Mr.  DixGELL.  A  most  impressive  statement.  Doctor. 

Our  next  witness  is  Mr.  Alfred  Heller,  president,  California 
Tomorrow. 

Mr.  Heller,  we  are  certainly  pleased  to  hear  from  you  at  this  time. 

Mr.  Heller.  Thank  you,  Mr.  Chairman. 

STATEMENT  OF  ALFRED  HELLER,   PRESIDENT,   CALIFORNIA 

TOMORROW 

Mr.  Heller.  Thank  you,  Mr.  Chairman. 

I  want  to  express  my  appreciation  for  being  included  in  this  distin- 
guished panel  in  this  important  discussion  with  the  committee. 

I  note  we  are  down  to  the  "Mr."  end  of  the  table,  having  heard  from 
a  Governor  and  three  doctors.  We  have  been  dealing  also  in  very 
large-scale  concepts  and  discussing  national  and  international 
institutions. 
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The  area  of  my  particular  interest  is  the  institutional  implications 
at  the  State  level,  of  the  need  to  take  into  account  simultaneously  the 
many  forces  that  affect  the  future,  including  patterns  of  economic 
growth  and  development. 

Tliis  interest  was  the  basis  of  an  effort  of  our  organization  to  crnate 
a  model  plan  for  the  future  of  the  State  of  California,  which  I  will 
hold  up  just  to  indicate  we  did  produce  something.  It  is  called  the 
California  Tomorrow  Plan. 

Our  effort  was  to  determine  what  are  the  basic  policies  and  the 
political  and  economic  structures  necessary  not  only  to  determine  avail- 
able alternative  courses  of  action  for  the  State,  but  to  bring  about 
those  which  are  duly  chosen.  I  will  not  dwell  on  the  national  implica- 
tions of  this  but  I  think  that  they  are  fairly  obvious :  if  this  approach 
has  some  validity  it  should  be  of  interest  to  other  States  and  the  Na- 
tional Government  as  well. 

We  attempted  to  derive  in  a  systematic  manner  basic  goals  for  the 
State  of  California,  based  on  an  analysis  of  an  array  of  disruptions — 
economic  and  social  as  well  as  environmental — which  beset  the  State. 

We  determined  underlying  causes  of  these  disruptions,  and  defined 
central  policies  which  could  be  addressed  to  them. 

We  concluded,  in  general,  that  there  is  a  clear  need  for  policies  and 
actions  in  four  broad  areas  and  for  coordination  among  these  basic 
areas. 

First  and  foremost,  we  are  going  to  have  to  develop  a  set  of  political 
institutions  by  which  we  can  solve  our  major  problems. 

We  felt  that  such  a  system  for  solving  problems  within  the  State  of 
California  would  have  to  begin  with  a  single,  strong  State  planning/ 
budgeting  entity.  We  recommended  that  a  State  planning  council  be 
created,  chaired  by  the  Grovernor  and  composed  of  members  of  the 
Oovernor's  cabinet  and  public  appointees.  The  council  would  have  a 
broad  responsibility  for  developing  State  policies  which  address  the 
kinds  of  issues  that  Dr.  Meadows  in  the  "Limits  to  Growth"  has  so 
effective!  V  brought  to  the  Nation's  attention. 

We  felt  that  furthermore  there  was  a  need  within  the  area  of 
political  institutions  for  comprehensive  regional  plans  and  budgets 
prepared  and  backed  up  by  regional  governments. 

The  second  broad  area  of  policy  revolves  around  the  need  to  main- 
tain a  strong  economv — ^that  is,  to  do  what  is  necessarv  on  behalf  of 
the  economic  strength  of  individuals  and  of  societv  as  a  whole.  In- 
dividual economic  strength,  we  feU,  could  best  be  insured  through 
such  means  as  the  provision  bv  the  Federal  Government  of  an  income 
floor  and  of  a  system  of  national  health  insurance. 

We  felt  the  need  for  the  State  to  take  a  stronger  role  of  leadership 
to  encourage  economic  development  where  it  is  needed  and  in  the  man- 
ner that  it  is  needed.  There  are  limits,  certainly,  to  certain  kinds  of 
growth  as  Dr.  Meadows  pointed  out  but  in  other  areiis  there  may  not 
be  as  clear  limits. 

Still  in  the  area  of  economic  policy  we  determined  that  the  ability 
of  society  to  finance  its  conservation  and  development  goals  should 
be  analyzed  and  improved.  Within  the  State  we  felt  a  system  of  plan- 
ning, budgeting,  and  financing  at  the  reoional  level,  tied  to  the 
regional  srovemmental  entity  I  mentioned  earlier,  would  be  an  essential 
for  enabling  the  communities  within  our  regions  to  begin  to  meet  their 
needs  cooperatively  and  equitably. 
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Whether  their  sources  of  financing  are  categorical  grants,  revenue 
sharing  or  other  sources,  we  recommended  a  supplemental  source,  a 
Federal  conservation  and  development  bank. 

We  felt  that  all  Federal  assistance  to  the  State  should  be  predicated 
on  the  existence  of  administrative  and  budgeting  institutions  which  do 
not  now  exist  at  the  regional  level,  but  which,  as  I  have  indicated, 
should  be  developed. 

Someone  described  revenue  sharing  at  the  present  time  as  "snow  on 
a  hot  stove"  and  I  suppose  that  no  matter  what  happens  in  the  Federal 
financing  area,  this  same  effect  will  continue  until  we  develop  means 
of  actually  planning,  budgeting,  and  financing  realistically  within  our 
regions  to  make  the  most  effective  use  of  the  funds  that  are  available. 

Third,  we  felt  the  need  for  strong  settlement  policy,  a  policy  to  guide 
settlement  in  California  to  eliminate  damaging  distribution  of  popu- 
lation. 

Among  the  provisions  that  we  felt  would  be  effective  in  that  area 
would  be  State  zoning  of  all  lands,  similar  to  what  is  in  effect  in  the 
State  of  Hawaii,  which  would  clearly  indicate  where  you  can  build, 
and  where  you  cannot  build. 

Our  task  force  determined  that  firm  State  guidelines  for  the  devel- 
opment of  the  so-called  infrastructure,  the  public  utilities  arterials  in- 
volving water,  wastes,  energy,  and  information,  should  be  established. 

As  a  further  guide  to  settlement,  the  State  should  adopt  high  amen- 
ity standards  having  to  do  not  only  with  air  quality,  water  quality, 
and  the  use  of  poisons  on  the  land,  but  also  with  other  factors  such  as 
the  availability  of  transportation,  the  amount  and  proximity  of  open 
space  available  to  all  citizens  and  many  others. 

We  advocated  also,  in  this  policy  group,  a  State  population  policy 
of  zero  growth. 

Fourth,  we  described  the  need  for  a  series  of  resource  use  policies 
which  would  include  a  set  of  regulations  and  incentives  to  guide  re- 
source use  and  encourage  recycling. 

The  point  of  all  this  is  that  none  of  these  ideas  is  new  itself,  but,  if 
we  can  develop  a  planning  process  so  that  all  of  them  can  be  fitted 
together  and  carried  out  simultaneously,  here  is  what  happens,  as  an 
example. 

State  zoning  and  related  tax  assessment  policies  can  define  broad 
land-use  categories  and  make  them  stick.  Adopted  State  amenity 
standards  can  establish  clear  rules  for  the  maintenance  of  environ- 
mental quality. 

Basic  resource  use  policies  can  tell  us  how  far  we  can  go  in  using 
our  natural  resources  without  ending  their  availability.  Strong  State 
economic  development  policies  closely  coordinated  with  other  planning 
policies  can  help  promote  economic  development  where  it  belongs  and 
where  it  is  needed. 

A  rational  system  of  planning,  budgeting,  and  financing  with  our 
metropolitan  regions  guided  by  a  State  planning  council  can  fit  the 
pieces  together  and  make  the  term  "urban  renewal"  or  "State  renewal" 
or  perhaps  "national  renewal"  meaningful  in  a  way  that  it  has  never 
been. 

Thank  you. 

Mr.  DixGELL.  Thank  you  very  much,  Mr.  Heller.  You  made  a  great 
contribution. 
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Next  is  Mr.  Steven  Salyer,  Citizens'  Committee  on  Population  and 
the  American  Future. 
Mr.  Salyer,  we  are  pleased  to  have  you  with  us  today. 

STATEMENT  OF  STEVEN  SALYER,  CITIZENS'  COMMITTEE  ON 
POPULATION  AND  THE  AMERICAN  FUTURE 

Mr.  Salyer.  I  am  a  substitute  today  for  John  D.  Rockefeller  III 
who  IS  giving  the  first  lecture  in  honor  of  his  late  brother  at  the  Uni- 
versity of  Arkansas  tomorrow  and  regrets  he  is  unable  to  be  with  you. 

The  Commission  on  Population  Growth  and  the  American  Future 
was  authorized  by  Congress  on  March  16,  1970,  to  assess  the  implica- 
tions for  America's  future  of  continued  population  growth.  After  2 
years  of  analyzing  the  implications  of  growth  for  our  political  insti- 
tutions, our  economic  system,  our  environment,  for  our  society  as  a 
whole,  we  concluded  that  little  would  be  gained  from  continued  popu- 
lation growth.  Rather,  the  stabilization  of  our  numbers  would  produce 
important  benefits. 

This  should  not  imply,  however,  that  we  viewed  population  increase 
as  a  root  of  all  our  problems.  Instead,  it  was  seen  as  a  multiplier  or  in- 
tensifier  of  other  problems  we  face. 

As  is  so  often  true  of  an  effort  of  this  magnitude,  we  only  began 
the  process  of  investigation  which  must  go  on  if  we  are  to  make  in- 
formed policy  judgments.  Our  research  is  now  being  published— seven 
volumes  of  it — and  serious  scholars  can  read  those  studies  of  interest. 
But  the  important  point  for  me  to  mention  is  that  in  no  case  did  we 
find  any  persuasive  reason  why  population  growth  should  continue 
beyond  that  level  practically  inevitable  because  of  the  baby  boom.  We 
did  find  in  numerous  instances,  however,  that  the  solution  of  other 
problems  would  be  made  more  difficult  by  further  growth.  Our  con- 
clusion was  that  the  Nation  should  welcome  and  plan  for  a  stabilized 
population. 

Two  examples  of  major  research  findings  will  demonstrate  the  argu- 
ment leading  to  this  conclusion.  Growth  is  almost  as  much  a  part  of 
the  American  tradition  as  apple  pie.  An  extension  of  our  conventional 
wisdom  tells  us  that  for  economic  growth  to  continue  we  must  have  an 
ever-growing  population.  Our  research  showed  very  effectively  that 
this  simply  is  not  so. 

Using  estimates  based  on  two-child  average  and  three-child  average 
rates  of  population  growth,  and  employing  several  different  economic 
models,  we  found  that  tlie  level  of  GNP  would  be  very  similar  in  the 
year  2000  no  matter  which  of  the  two  projections  we  used.  In  fact, 
GNP  would  actually  be  higher  with  the  two-child  rate  for  about  the 
next  15-20  years.  Furthermore,  for  the  next  30  years  and  beyond,  per 
capita  income — which  may  be  the  better  indicator  of  economic 
growth — would  increase  more  rapidly  Avith  the  two-child  "replace- 
ment" rate  of  population  growth.  Finally,  considering  the  population 
increase  of  about  40-60  million  that  vrill  almost  inevitably  occur  by  the 
year  2000,  we  could  find  no  industry,  including  diapers,  that  would  not 
experience  an  increase  in  sales.  Some  industries,  whose  sales  are  par- 
ticularly sensitive  to  increases  in  disposable  income — including,  un- 
fortunately, some  of  the  high  polluting  ones  like  automobiles  and 
motorboats — would  experience  far  greater  growth  with  the  two-child 
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rate  and  the  resulting  higher  per  capita  incomes.  In  short,  we  would 
find  no  convincing  economic  argument  for  continuing  population 
growth. 

I  will  draw  a  second  example  from  our  research  on  "Resources  and 
the  Environment,"  the  section  on  ''Water."  We  found  that  water 
shortages,  already  developing  in  the  southwestern  United  States,  would 
spread  eastward  and  northward  in  the  next  30-50  years,  given  growing 
population  and  economic  activity.  "Such  deficits,"  the  repoit  states, 
"will  spread  faster  if  population  growth  follows  the  three-child  pro- 
jection than  if  it  follows  the  two-child  projection.  This  will  occur 
despite  large  expenditures  on  water  treatment,  dams  and  reservoirs 
during  the  next  50  years."  The  Commission  concluded  its  assessment 
of  water  supply  adequacy  saying : 

Sooner  or  later  water  must  be  dealt  with  as  a  scarce  resource.  The  sooner  this 
is  done,  the  fewer  water  crises  will  emerge  in  the  years  ahead.  However,  doing 
this  will  not  be  easy,  technically  or  politically— most  water  supplies  are  run  by 
local  governments.  The  rate  of  national  population  growth  will  largely  determine 
how  rapidly  we  must  accomplish  these  changes.  And  few  will  like  the  austerity 
cieated  by  the  need  to  conserve  on  something  as  fundamental  as  water. 

While  in  no  sense  did  our  research  point  to  immediate  fiscal  or  re- 
source crises,  in  most  every  situation  the  pattern  of  findings  was  re- 
peated— no  substantial  gains  from  continued  population  growth  set 
against  actual  benefits  from  slowing  gro\Ai:h  or  at  least  more  time  in 
which  to  solve  predictable  problems. 

We  should  now  logically  ask,  as  did  the  Commission,  just  how  diiR- 
cult  it  is  to  stabilize  population  growth,  and  by  what  means  it  might 
be  accomplished. 

In  a  national  sample  of  married  women  in  the  reproductive  age 
range  we  found  that  44  percent  of  all  births  in  the  period  between  1965 
and  1970  were  reported  as  "unplanned,"  while  15  percent  were  said  to 
be  "unwanted."  In  further  research  we  refined  the  notion  of  the  "un- 
wanted" child  and  concluded  that  it  would  be  decidedly  in  the  interest 
of  the  affected  child  and  mother,  as  well  as  for  society  at  large,  if  we 
could  eliminate  "unwanted  fertility."  The  goal  of  insuring  that  couples 
have  only  those  children  that  are  "wanted"  seems  a  reasonable  direc- 
tion for  public  policy  to  take,  and  it  became  a  guiding  principle  of  our 
report.  We  discovered  that  if  we  could  accomplish  this  one  goal,  we 
would  reinforce  the  two-child  average  necessary  to  eventually  stabilize 
the  size  of  the  population. 

Next,  as  has  been  widely  publicized  by  those  talking  of  a  "baby  bust," 
the  birth  rate  has  dropped  in  recent  months  to  the  lowest  point  in  our 
history.  Wliile  we  must  exercise  caution  in  analyzing  such  short-run 
figures — as  many  demographers  did  not  in  the  1930's  when  they  wor- 
ried over  rapid  population  decline — it  is  nevertheless  significant  that 
the  family  size  preferences  of  those  young  men  and  women  bom  in 
the  baby  boom  years  are  significantly  less  on  the  average  than  were 
those  of  their  parents.  If  this  trend  continues  and  these  preferences 
are  realized,  we  should  continue  at  close  to  the  two-child  replacement 
average. 

Finally,  the  Commission  discovered  that  generally  one  of  the  most 
effective  ways  to  indirectly  reduce  the  number  of  children  that  couples 
have  is  to  increase  their  opportunities  to  enjoy  other  responsibilities 
and  satisfactions,  often  previously  denied  them.  This  applies  with 
particular  strength  to  women  and  to  the  poor.  Wliile  it  is  not  difficult 
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to  get  plenty  of  argriinent  on  this  point,  it  was  our  conclusion  that,  in 
the  long  run,  programs  for  instance  that  enabled  women  to  work — 
like  proper  day  care — would  not  encourage  the  birth  of  additional 
children. 

Moreover,  increased  investments  in  education  and  in  job  develop- 
ment and  training  for  the  poor  would  likely  lead  to  smaller  families 
by  choice.  The  principle  is  well  illustrated  by  the  observation  that  the 
smallest  average  familv  size  among  any  group  in  the  United  States  is 
among  college  educated  blacks. 

The  Commission  made  it  very  clear  in  its  own  statement  of  prior- 
ities, however,  that  even  if  the  provision  of  day  care  or  of  better  job 
opportunities  proved  to  marginally  encourage  larger  families,  these 
efforts  were  so  fundamentally  important  as  to  override  the  population 
growth  considerations.  We  tried  to  say  as  forcefully  as  we  knew  how 
that  this  was  not  a  commission  concerned  only  with  the  numbers  of 
people,  but  that  we  cared  deeply  and  primarily  that  every  person  have 
the  opportunity  to  realize  his  or  her  full  potential  and  worth  as  an 
indi"\adual. 

At  a  time  when  we  know  so  little  about  the  determinants  of  "growth"' 
in  its  many  forms,  when  our  control  mechanisms  seem  so  fragile  and 
perhaps  inadequate,  it  seems  all  the  more  urgent  that  while  the  inter- 
relationships are  clarified  and  the  public  alerted  we  undertake  those 
steps  which  will  gain  time  for  addressing  the  broad,  long-term  issues 
of  "growth."  The  Commission  refreshinglv  demonstrated  that  in  this 
one  part  of  the  "growth"  picture — ^that  of  population  increase — we 
could  solve  our  problem  simply  by  the  adequate  provision  of  family 
planning  information  and  services  to  all  citizens  desiring  them.  We 
would  be  foolish,  indeed,  not  to  seize  on  this  hopefid,  important,  and 
politically  feasible  lever  on  the  growth  problem. 

Thank  you  very  much. 

Mr.  DiNGELL.  Thank  you  very  much,  Mr.  Salyer. 

Our  next  witness  is  an  old  friend.  Peter  S.  Hunt,  president  of  Peter 
Hunt  Associates.  He  has  testified  before  this  committee  on  NTIPA  and 
is  also  a  member  of  the  President's  Advisory  Council  on  Environ- 
mental Education. 

We  are  pleased  to  welcome  you  back  to  the  committee. 

STATEMENT  OF  PETER  S.  HimT,  PRESIDENT,  PETER  HTJNT 

ASSOCIATES 

Mr.  Hunt.  Thank  you  verv  much,  Mr.  Chairman. 

First  let  me  say  what  an  honor  it  is  to  be  here  amonsf  this  distin- 
guished panel ;  and  secondlv,  I  am  in  substantial  agreement  with  the 
statements  of  all  the  preinous  witnesses. 

I  have  three  points,  however,  that  I  would  like  to  make.  Some  have 
been  made  before,  but  I  will  make  them  again  for  the  reason  of 
emphasis. 

First,  the  problems  associated  with  growth,  with  both  population 
and  consumption,  not  only  in  this  country  and  throughout  the  world, 
are  real  and  deserve  urgent  attention.  Several  major  reports  that  have 
come  out  in  the  last  year  have  addressed  this  subject,  and  it  is  unfortu- 
nate that  they  have  been  belittled  unnecessarily  by  their  critics. 
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We  see  in  the  statements  by  Dr.  Brown  particularly  that  we  do 
have  indicators  today  that  the  importance  of  these  comin<r  problems — 
energy  is  one  indicator  which  is  expected  to  rise  substantially  over 
the  next  several  years,  and,  of  course,  the  great  problem  with  beef 
and  protein.  The' point  here  is  that  the  problems  have  been  induced 
and  amplified  by  aspects  of  growth.  Barring  a  major  human  catas- 
trophe, which  is  a  very  heavy  price  to  pay,  they  are  not  going  to  go 
away  in  the  future. 

Beyond  this,  I  think  it  is  quite  clear  that  unattended  they  are  going 
to  become  considerably  more  severe  and  have  a  stronger  impact  on 
the  consumers  of  this  Nation  and,  indeed,  the  people  of  the  world. 

"With  this  in  mind,  I  think  it  is  important  for  us  to  recognize  that 
the  United  States  must  be  the  first  to  move  in  this  area  of  controlling 
growth.  First,  from  a  comparative  standpoint,  we  have  the  largest 
resource  surplus  of  any  country  in  the  world. 

"\Mien  I  speak  of  resources.  I  am  talking  about  not  only  dollar  cap- 
ital but  the  human  talent  in  this  country  to  assess  these  problems. 
Indeed,  if  we  do  not  move,  it  going  to  be  very  difficult  for  us  to  bargain 
in  good  faith  with  the  other  nations  of  this  world  about  their  growth 
patterns. 

The  third  point  is  that  we  do  have  institutional  problems.  The  re- 
sponse time  in  this  country  of  our  institutions  in  this  large  system  to 
meet  and  effectively  deal  wtih  problems  is  tortuously  slow. 

Problems  have  to  reach  crises  proportions  before  they  are  even 
addressed. 

In  line  with  this,  it  occurs  to  me  from  a  system's  standpoint,  there 
are  three  ways  we  can  move.  We  can  look  for  stronger  signals  in 
essence  of  the  problems  and  read  the  indicators  that  we  see  in  energy 
and  food  production. 

We  could,  of  course,  shorten  the  decision  time  by  having  these  sig- 
nals come  to  the  attention  of  the  Congress  and  the  President  at  an 
earlier  date.  And,  third,  of  course,  is  improving  our  capacity  to  deal 
with  these  problems  once  perceived. 

Within  the  United  States  I  think  there  is  one  element  that  must  be 
taken  very  seriously  as  far  as  accelerating  the  response  time  to  these 
problems  and  planning  toward  the  future.  That  lies  in  the  area  of 
public  education. 

The  members  of  this  panel,  I  think,  would  find  themselves  in  ag^ree- 
ment  on  at  least  80  percent  of  the  concepts  or  ideas  that  have  been 
brought  forth  here  today. 

The  public,  unfortunately,  and  indeed  Members  of  the  Congress, 
are  not  as  aware  of  these  problems  as  they  should  be.  If  they  had  the 
perception  of  this  panel,  we  would  have  been  moving  quite  some 
time  ago  and  in  a  much  more  vigorous  manner. 

As  far  as  these  hearings  are  concerned,  I  strongly  hope  that  they 
will  accelerate  the  decisionmaking  process  on  these  most  vital  issues 
for  our  country  and,  by  so  doing,  for  the  world.  Thank  you  very  much. 

Mr.  DixGELi>.  Thank  you,  ]\Ir.  Hunt. 

The  Chair  will  now  recognize  members  of  the  committee  for  ques- 
tions. 

The  Chair  notes  that  we  have  large  numbers  of  our  committee 
present  today.  It  may  therefore  be  necessary  for  the  Chair  to  comply 
with  rules  whereby  the  Chair  is  directed  to  recognize  each  member,  in 
turn,  for  a  period  of  5  minutes. 

95-852  O  -  73  -  3 
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The  Chair  recognizes  Mr.  McCloskey  first. 

Mr.  McCloskey.  I  wonder  if  anybody  on  the  panel  could  comment 
as  to  whether  or  not  the  Congress,  unlike  the  President,  should  not 
indicate  some  acceptance  of  the  recommendations  of  the  President's 
Commission  on  Population  and  National  Growth. 

This  is  not  a  partisan  matter,  but  most  of  the  recent  Presidential 
reports  have  been  immediately  rejected  by  the  President  than  an 
office. 

It  seems  to  me  the  comments  of  the  panel  suggests  we  should  move. 
Would  anyone  in  particular  like  to  comment  on  that  ? 

Mr.  Salter.  I  would  like  to  say  a  couple  of  things. 

It  is  exactly  right  that  the  President's  response  was  not  what  we 
had  hoped  for.  Some  in  the  administration  have  been  more  positive 
in  their  reactions,  however,  as  you  may  know. 

I  think  the  most  informed  and  productive  thing  would  be  for 
Congress  to  pick  up  some  of  the  Commission's  recommendations  and 
suggestions. 

Mr.  McCloskey.  As  I  heard  members  of  the  panel  discuss  this 
morning,  you  hit  most  of  them,  land  use  being  one. 

Mr.  Salyer.  That  is  right.  And  I  think  there  are  other  key  measures. 

One  is  a  renewal  of  title  10  of  the  Social  Security  Act,  providing 
family  planning  services  for  those  who  cannot  afford  them. 

Also,  the  Congress  could  dramatically  increase  the  amount  of  re- 
search, done  in  the  National  Institute  of  Health  on  population 
research.  In  the  United  States,  many  are  afraid  of  the  contraceptives 
they  are  using.  One  hundred  percent  safe  and  effective  methods  could 
eliminate  this  concern  and  could  enable  us  to  better  assist  other  nations 
to  grapple  with  their  problems  of  population  growth. 

In  the  area  of  land  use,  you  have  several  bills  before  the  Congress. 
They  do  not  represent  perfect  legislation,  and  serious  attention  should 
be  given  to  how  we  can  successfully  encourage  comprehensive  land 
use  planning  on  the  metropolitan.  State,  and  Federal  levels. 

I  would  like  to  offer  one  reaction  to  the  idea  of  a  stabilization  res- 
olution. Our  Commission,  while  still  meeting,  endorsed  the  stabiliza- 
tion resolution  that  was  introduced  in  the  Senate. 

As  time  went  on,  however,  I  think  our  attitude  shifted  on  that  mat- 
ter, at  least  by  the  time  the  Commission  had  concluded  its  work. 

There  was  a  feeling  among  the  membership  that  setting  a  national 
goal  of  "population  stabilization"  through  a  sense  of  a  Congress  res- 
olution was  less  important  than  action  on  the  elements  of  population 
policy. 

Thus,  the  Commission  came  to  doubt  the  usefulness  of  a  "popula- 
tion stabilization  resolution,"  especially  since  it  inspired  fear  and  mis- 
trust among  elements  of  our  population  and  because  it  had  no  program 
attached  to  it. 

Mr.  McCloskey.  Let  me  ask  this  question,  if  I  may. 

Assuming  that  growth  of  population  is  at  least  no  longer  Govern- 
ment policy,  is  there  any  sentiment  that  perhaps  we  should  have  a 
national  policy  to  reduce  pressures  for  the  increased  consumption  of 
energy,  nonrenewable  resources  ? 

Would  anybody  like  to  comment  on  that? 

Should  we  now  perhaps  try  to  discourage  the  increase  in  the  use 
of  electric  energy,  for  example,  or  the  increased  burning  of  fossil 
fuels? 
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Should  this  be  part  of  the  national  energy  policy,  that  we  no  longer 
try  to  increase  production,  consumption  of  energy  ? 

Governor  Petersox.  Let  us  talk  about  oil,  for  example. 

As  one  of  the  principal  sources  of  energy  with  which  we  are  con- 
cerned today,  it  seems  to  me  that  the  Congress  should  take  some  steps 
to  bring  a  more  realistic  policy  toward  the  use  of  the  automobile. 

For  example,  if  we  could  make  the  use  of  a  lightweight  automobile 
attractive  by  requiring  no  license  fee,  as  compared  to  $200  for  a  heavy 
car,  we  might  double  the  average  number  of  miles  obtained  per  gallon 
of  gasoline.  That  would  be  equal  to  doubling  the  supply  of  gasoline. 

If  we  go  to  a  lightweight  car,  this  would  also  markedly  reduce  the 
amount  of  other  material  resources  required  b}^  the  auto  industry,  re- 
duce the  energy  needed  to  produce  such  materials,  and  decrease  the 
solid  waste. 

It  seems  to  me  that  the  movement  in  the  auto  industry  toward  heavy 
cars  that  use  up  more  energy  and  other  resources,  cause  greater  air 
pollution  and  go  120  miles  an  hour  when  speed  limits  are  all  below 
that,  is  ridiculous.  Some  kind  of  governmental  leadership  is  necessary 
to  make  people  recognize  the  tremendous  stake  in  our  carrying  with 
us  some  smaller  weight  of  auto  when  we  go  shopping  or  to  work  or 
on  a  trip.  That  is  one  area  where  I  think  you  Congressmen  can  have 
a  major  impact. 

Mr.  DixGELL.  Mr.  Meadows,  do  you  have  a  comment  ? 

Dr.  Meadows.  Stabilization  of  our  use  of  materials  and  energy  is 
not  an  end  in  itself.  It  is  desirable  only  if  it  serves  other  goals.  Any 
long-term  analysis  of  the  consequences  of  increas'ing  our  demands  for 
energy  and  materials  would  suggest  that  it  would  satisfy  many  na- 
tional interests  to  stabilize  that  use  as  quickly  as  possible.  Looking  only 
at  the  world's  energy  demand  for  a  moment,  will  illustrate  this  fact. 
If  current  growth  trends  are  sustained,  we  will  move  quickly  into 
a  period  where  around  $20  billion  a  year  must  be  transferred  from 
our  economy  to  a  small  number  of  Middle  Eastern  countries  to  pur- 
chase oil.  Most  of  those  countries  have  no  good  use  for  that  money 
domestically  and  they  have  international  political  objectives  very 
different  from  our  own.  By  increasing  our  demand  for  energy  we  pro- 
vide those  countries  with  funds  that  can  be  used  to  directly  counter 
our  own  domestic  and  international  objectives. 

Other  examples  of  benefits  derived  from  limiting  growth  are  easy  to 
perceive.  If  current  growth  rates  in  nuclear  energy  production  are  sus- 
stained,  we  will  soon  be  managing  a  stockpile  of  nuclear  materials  so 
great  that  it  will  be  virtually  imi)ossible  to  insure  that  they  are  not, 
diverted  to  uses  as  poisons  or  explosives  to  further  the  aims  of  small 
radical  groups. 

Thirty  of  thirty-six  raw  materials  are  now  imported  wholly  or  in 
part.  If  growth  continues,  we  will  quickly  move  into  a  period  of  in- 
creasing strategic  dependence  on  those  countries  who  have,  for  the 
first  time,  power  to  interrupt  critical  inputs  into  our  economy.  Finally, 
we  see  in  the  continued  growth  of  the  energy-  many  pressures  which 
will  force  us  to  relax  the  environmental  standards  that  our  Congress 
has  set,  both  in  terms  of  water  quality  and  ambient  air  standards. 

This  growth  is  not  essential  to  our  quality  of  life.  Our  per  capita 
energy  consumption  in  this  country  today  is  roughly  twice  the  level 
in  Europe.  It  is  difficult  for  anvone  to  point  to  wavs  in  which  our 
quality  of  life  is  intrinsically  twice  that  of  the  people  in  Europe.  There 
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obviously  is  a  great  deal  of  room  to  increase  the  efficiency  in  energy 
use. 

If  we  can  become  a  bit  more  farsighted  about  the  implications  of 
continued  growth,  there  are  reasons  enough  to  begin  to  stabilize  the 
consumption  of  materials  and  energy.  There  are  many  ways  in  which 
Congress  can  act  now  to  do  that.  Governor  Peterson  has  mentioned 
some  policies  that  might  be  undertaken  with  respect  to  transportation, 
and  there  are  many  others  as  well.  Roughly,  40  percent  of  our  energy 
is  used  in  space  heating,  and  much  of  that  leaks  out  through  walls 
which  are  very  poorly  insulated.  Better  standards  of  building  construc- 
tion would  help  us  a  great  deal  in  the  conservation  of  energy. 

Current  agricultural  practices  use  much  energy.  Different  agricul- 
tural methods  would  save  energy.  New  economic  incentives  could  be 
provided  by  Congress  in  this  area. 

The  goal  of  stabilizing  material  and  energy  use  is  not  an  end  in  itself. 
But  there  are  many  good  reasons  to  look  at  the  components  of  that  use 
and  to  move  toward  ending  growth  in  the  various  sectors  of  demand. 

Mr.  DiNGELL.  Dr.  Brown,  you  indicated  you  had  a  comment. 

Mr.  McCloskey.  Mr.  Chairman,  can  I  interrupt  and  ask  for  una- 
imous  consent  that  we  suspend  the  rules  so  that  all  members  can  inter- 
pose questions? 

Mr.  DiNGELL.  The  Chair  will  certainly  recognize  very  liberally  the 
rights  of  members  to  yield  at  any  time. 

Dr.  Brown? 

Dr.  Brown.  In  response  to  Congressman  McCloskey's  question,  I 
think  we  have  reached  the  point  in  this  country  where  we  have  to  be- 
gin to  seriously  examine  lifestyles. 

We  are,  as  everyone  knows,  6  percent  of  the  world's  people,  some- 
what less  than  that,  and  we  consume  one-third  of  the  world's  resources. 
As  long  as  the  resources  came  primarily  from  within  our  boundaries, 
how  much  we  consume,  and  at  what  rate,  was  largely  an  internal 
matter. 

But  as  we  are  now  in  a  period  of  rapidly  growing  dependence  on 
resources  that  are  located  in  other  countries,  how  much  we  consume 
and  on  what  terms  we  consume  is  something  that  the  rest  of  the  world 
is  going  to  have  something  to  say  about. 

I  am  not  at  all  sure  thev  are  going  to  permit  us  to  continue  to  pursue 
super  affluence  in  a  world  of  growing  resource  scarcity.  And  if  my  as- 
sumption is  correct,  then  we  ought  to  begin  addressing  this  question  as 
soon  as  possible  so  as  to  reduce  the  political  stresses  that  will  develop 
at  the  international  level. 

Basically,  the  technoloaies  that  underly  our  economic  system  are 
those  which  have  evolved  in  a  situation  of  relative  resource  abundance. 
And  we  are  now  moving  into  a  period  of  resource  scarcity  for  many 
important  resources,  protein,  petroleum,  water,  and  what  have  you. 

In  these  circumstances,  we  need  to  reexamine  those  technologies, 
and  I  would  underline  the  need  that  has  been  mentioned  by  Governor 
Peterson  and  Dr.  Meadows,  to  look  at  the  size  of  the  automobiles. 

One  can  make  an  argument  we  would  not  reduce  our  indi^adual 
mobility  at  all  if  we  limited  the  size  of  automobiles.  We  would  cer- 
tainly not  only  reduce  energy  consumption  and  pressures  on  the  dollar, 
but  also  the  air  pollution  problem,  and  probably  would  increase  our 
individual  mobility  somewhat  because  with  smaller  automobiles  one 
could  park  somewhat  closer  to  where  you  are  going. 
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The  second  point  yon  raised,  Congressman,  was  regarding  a  Con- 
gressional Eesolution  on  the  need  to  have  population  stability  as  a 
national  objective.  I  approach  this  from  the  vantage  point  of  the  Over- 
seas Development  Council,  where  we  are  concerned  with  global  prob- 
lems and,  more  specifically,  with  conditions  in  the  developing  coun- 
tries. 

One  of  the  things  that  is  now  becoming  clear  as  we  prepare  for  the 
U.N.  Population  Year  and  the  Population  Conference  in  1974,  is  that 
a  number  of  the  developing  countries — and  this  is  where  most  of  the 
world's  people  live — are  becoming  somewhat  concerned  about  the 
Conference  and  the  focus  on  population  growth.  Many  of  them  think 
of  this  as  a  form  of  imperialism  and  genocide  as  long  as  we,  ourselves, 
do  not  have  population  stability  as  an  objective.  It  is  very  easy  for 
them  to  use  this  argument  and  with  considerable  merit. 

I  think  one  of  the  most  important  things  that  could  happen  any- 
where between  now  and  the  beginning  of  the  Population  Conference 
next  year  would  be  for  this  Government  to  officially  adopt  zero  popu- 
lation growth  as  a  national  objective. 

Again,  I  repeat  it  is  not  something  that  requires  an  enormous 
budgetary  expenditure  because  we  are  headed  there  already.  Let  us 
take  credit  for  it. 

Mr.  DiNGELL.  Mr.  Breaux  ? 

Mr.  Breaux.  Thank  you,  Mr.  Chairman.  And  I  want  to  thank  you 
gentlemen  for  your  testimony.  I  look  forward  to  reading  your  report 
in  more  detail. 

Governor  Peterson,  I  would  like  to  applaud  you  and  the  people 
of  Delaware  for  the  decision  concerning  the  offshore  superport.  I  hope 
it  is  the  right  decision,  although  only  time  will  tell  us  that. 

As  I  interpret  this  decision  it  was  based  on  a  choice  either  to  build 
a  superport  or  a  deepwater  port  or  else  preserving  the  environment  for 
recreational  purposes.  It  has  been  my  feeling  that  both  could  coexist;, 
and  was  wondering  if  you'd  care  to  elaborate  on  that  premise. 

Governor  Peterson.  The  two  could  not  coexist  in  the  same  area. 
"We  have  a  good  example  right  now  in  our  area,  the  northern  part 
of  Delaware  and  adjoining  Pennsylvania,  of  a  tremendous  collection 
of  refineries  and  petrochemical  complexes.  Even  if  you  assume  that 
they  could  become  100-percent  pollution  free,  their  physical  presence 
still  would  be  incompatible  with  the  way  of  life  which  we  are  now 
enjoying  along  the  bay  and  ocean  shores  in  lower  Delaware. 

Also  remember  that  even  though  you  have  a  plant  operating  free  of 
human  errors,  equipment  failure,  spills,  and  so  on. 

I  cannot  imagine  a  collection  of  tanks  and  pipelines  and  distillation 
columns  being  planted  along  the  Delaware  Bav  and  the  Atlantic 
Ocean  front  without  running  it  as  an  attractive  recreational  area. 

No,  a  maior  industrial  cojnplex  cannot  coexist  on  the  same  land 
where  you  plan  to  swim,  hunt,  fish  and  be  able  to  enjoy  the  open 
spaces. 

Mr.  Breaux.  It  seems  to  me  we  come  to  the  point  in  our  society 
where  it  is  a  question  of  balancing  the  interests  and  the  idtimate  needs 
of  society. 

Off  the  coast  of  Louisiana  we  have  a  great  deal  of  exploration  and 
offshore  platforms,  and  rather  than  having  the  effect  of  harming 
fishing,  for  example,  it  has  greatly  increased  the  potential  to  catch 
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fish,  both  commercially  and  for  sporting  purposes,  and  has  had  very 
little,  if  any,  adverse  effects  on  recreation. 

Governor  Peterson.  I  do  not  know  the  basis  for  your  conclusion 
there. 

Mr.  Breaux.  The  basis  is  a  report  of  the  Louisiana  State  Wildlife 
and  Fisheries  and  U.S.  Department  of  Interior. 

Dr.  Bro^Yn,  I  would  like  to  question  you  on  some  of  the  things  you 
broug'ht  out.  I  thought  they  were  very  interesting,  particularly  the 
question  of  the  food  problem.  I  would  like  to  direct  your  attention 
to  the  green  revolution  in  areas  of  Southeast  Asia  a  number  of  years 
ago  which  was  supposed  to  solve  the  problems  of  food  supply  in  those 
countries. 

Apparently,  it  has  not. 

Has  it  been  successful  or  a  complete  failure,  or  what? 

Dr.  Browx,  Mr.  Breaux,  I  do  not  know  anvone  who  thought  the 
green  revolution  was  going  to  solve  the  food  problem.  Some  of  the 
more  optimistic,  and  I  was  among  them,  hoped  it  would  buy  enough 
time  to  cope  with  the  population  variable,  which  is  the  only  real 
solution  to  the  food  problem.  There  is  a  tendency  to  denigrate  the 
green  revolution  as  being  dead  now  because,  this  year,  Asia  has  had 
a  very  poor  weather  situation,  unusually  poor  for  the  entire  continent 
to  be  effective. 

It  is  worth  noting,  however,  that  given  the  monsoon  failure  that 
India  experienced  last  year,  because  of  the  very  substantial  food 
reserves  they  had  built  up  earlier,  they  probably  are  only  going  to 
import  2  or  3  million  tons  of  grain  tliis  year.  That  contrasts  with  10 
million  tons  in  a  similar  situation  in  1966. 

It  is  also  useful  in  trying  to  assess  the  green  revolution  to  <ask  our- 
selves the  question  what  would  things  have  been  like  had  there  not  been 
a  green  revolution  ?  And  only  when  you  sketch  out  that  grim  scenario, 
particularly  for  Asia  where  more  than  half  the  world's  people  are 
today,  can  you  appreciate  what  the  green  revolution  has  done. 

The  green  revolution  did  permit  India,  in  1972,  to  reach  for  1  year 
at  least,  economic  self-sufficiency  in  cereals.  That  is  not  nutritional  self- 
sufficiency,  but  farmers  were  producinji;  as  much  as  consumers  could 
afford  at  prevailing  prices.  That,  I  thought,  was  a  remarkable  ac- 
complishment for  India. 

I  should  point  out  that  for  wheat,  which  is  where  the  really  spec- 
tacular breakthrough  has  occurred  in  India,  that  thev  have  increased 
the  wheat  crop  from  11  million  tons  in  the  mid-1960's  to  at  least  27 
million  tons  this  spring.  That  is  a  dramatic  advance  in  a  major  crop, 
unmatched  by  any  other  countrv  in  history,  including  our  own. 

Mr.  Breaux.  Thank  you,  Mr.  Chairman. 

Mr.  DiNOELE.  Mr.  Steele  ? 

Mr.  Steet,e.  Thank  you,  Mr.  Chairman. 

I  would  like  to  iust  ask  one  question  regarding  the  oil  import  situa- 
tion and  enerjTv  situation. 

The  Joint  Committee  on  Atomic  Energy  of  the  Congress  has  just 
finished  a  new  study  in  which  thev  note  that  according  to  the  accepted 
projections,  the  amount  of  e7ier<jv  we  will  consume  in  the  year  2000  is 
approximately  120  million  barrels  of  oil  equivalent  per  day.  In  an 
effort  to  set  some  parameters  of  what  we  are  goino;  to  have  to  do  in 
this  countiT  to  meet  our  energv  needs,  the  Committee  has  arbitrarily 
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reduced  that  figure  by  27  percent  to  about  87.5  million  barrels  of  oil 
equivalent  per  day  as  the  rock-bottom  energy  demand  level  for  the 
year  2000.  In  doing  so,  the  Committee  report  notes  that  87.5  million 
barrels  could  be  so  low  that  people  might  not  tolerate  it  in  the  year 
2000  because  of  the  decrease  in  our  national  rate  of  growth  and 
because  of  the  decrease  in  our  increasing  personal  consumption  of 
energy  that  it  would  entail. 

In  any  case,  they  have  been  trying  to  deal  with  the  question  of 
how  nuich  energy  the  U.S.  is  going  to  need  by  the  year  2000. 

I  wonder  if  you  gentlemen,  any  of  you.  have  dealt  with  that  partic- 
ular question  and  what  you  feel  a  feasible  target  for  the  year  2000 
is  that  this  Nation  can  live  with  and  which  would  be  politically 
acceptable. 

I  will  not  direct  it  to  anyone  in  particular  but  if  anyone  would  like 
to  address  that  question  I  would  appreciate  it. 

Dr.  Meadows. 

Mr.  Steele,  that  is  an  important  question ;  unfortunately  it  has  no 
simple  or  precise  answer.  The  answer  Avill  depend  in  part,  on  the 
nature  of  the  national  energy  policy  we  ultimately  implement. 

However,  we  must  recognize  that  the  era  of  cheap  power  is  past. 
That  is  desirable,  because  cheap  power  has  contributed  to  many  of 
the  problems  in  this  country  today :  inadequate  mass  transportation 
systems,  deterioration  of  the  environment  and  so  forth.  If  we  selective- 
ly raise  the  price  of  energy  and  engage  in  a  vigorous  program  to 
develop  alternative  energy  sources  and  to  conserve  power,  we  could 
easily  live  within  an  energy-  budget  substantially  below  the  barrels  of 
oil  equivalent  that  has  been  projected  by  the  AEC. 

I  repeat,  per  capita  energj^  consumption  in  this  country  is  some- 
thing like  twice  that  available  in  Europe.  There  are  enormous  savings 
possible. 

We  have  come  finally  to  the  end  of  the  period  when  the  actions  of 
our  Government  were  predicated  on  the  belief  that  cheap  power  was 
an  absolute,  a  sanctified  objective  of  this  economy.  The  transition  to 
an  era  of  realism  about  energy  costs  has  come  very  rapidly.  Thus  I  am 
very  optimistic  that  the  changes  needed  to  stabilize  our  use  of  energy 
could  also  come  quickly.  Those  changes  could  be  accommodated  within 
this  country  politically  within  a  period  of  30  years  if  we  begin  now  to 
plan  for  the  long  term.  Of  course  any  successful  j)lan  must  focus  on 
consumption  as  well  as  production. 

I  am  encouraged  by  the  recent  proposal  of  Senator  Jackson  to  ini- 
tiate a  really  vigorous  program  of  research  into  the  energy  needs  of 
this  country.  I  was  disturbed,  however,  to  see  that  that  focus  was  al- 
most entirely  on  expanding  production.  The  proposal  completely 
ignored  the  vast  range  of  objectives  which  could  be  addressed  to  reduce 
consumption. 

The  joint  committee's  projections  are  nothing  more  than  a  simple 
extrapolation  of  past  trends.  As  long  as  we  attempt  to  meet  those  pro- 
jections we  will  sustain  growth  in  consumption  of  energ\^  until  the 
costs  become  unbearably  high.  The  alternative  is  to  look  at  the  con- 
sumptive needs  of  the  society  and  to  determine  how  they  can  be  satis- 
fied in  a  much  more  economical  way. 

Over  a  period  of  30  years  this  country  could  come  to  a  period  where 
we  were  no  longer  forced  to  increase  our  energy  demands  year  after 
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year.  We  can  do  this  only  if  we  have  the  imag^ination  to  look  out  at  a 
distant  point  of  time  and  if  we  take  some  more  creative  responses  to 
the  options  that  are  open  to  ns.  Should  we  instead  continue  to  look 
only  2  or  3  years  ahead  and  attempt  to  simply  sustain  past  trends,  then 
unacceptable  political  consequences  are  inevitable. 

Mr.  Steele.  Thank  you. 

Mr.  DiNGELL.  Dr.  Frosch  ? 

Dr.  Frosch.  I  think  there  is  a  tremendous  amount  of  room  for  more 
efficient  use  of  energy. 

I  have  been  living  for  the  past  few  months  in  Switzerland,  which  can 
hardly  be  described  as  a  nonaffluent  economy,  but  I  found  myself  very 
rapidly  getting  used  to  driving  a  small  car  at  slightly  slower  speeds 
and  now  find  myself  a  little  uncomfortable  at  the  size  of  automobiles 
that  I  find  myself  driving  among. 

A  more  interesting  shift  was  that  when  I  came  back  to  the  United 
States  I  found  myself  uncomfortably  warm  in  nearly  every  building 
I  was  in  because  I  had  simply  adjusted  to  a  heating  system  that  runs 
5°  lower  over  there.  Perhaps  I  wore  a  sweater  more  often. 

There  are  more  subtle  problems  of  policy  involved  in  the  question 
of  how  you  get  to  more  economic  systems  of  energy. 

My  suspicion  would  be  that  just  raising  taxes  on  gasoline  is  unlikely 
to  have  a  very  dramatic  effect.  The  policies  that  seem  to  have  led 
toward  small  automobiles  in  Europe  were  policies — as  Dr.  Meadows 
pointed  out — that  dealt  with  the  automobile  itself,  in  a  tax  manner  that 
dealt  with  size  or  weight  or  horsepower  in  a  very  strong  manner. 

The  problem  of  efficiency  in  space  heating  and  the  trerhendous  loss 
of  energy  from  the  fact  that  we  do  not  build  heavily  insulated  houses 
is  in  itself  a  rather  difficult  and  subtle  problem. 

There  again,  the  price  of  energy  is  not  likely  to  be  the  most  con- 
trolling matter. 

Certainly,  many  of  us  would  be  perfectly  happy  to  buy  a  better 
constructed  and  better  insulated  liome,  but  the  personal  economic 
crossover  between  capital  investment  in  the  house  and  the  problems 
of  acquiring  mortgages  as  opposed  to  the  cash  flow  problem ;  paying 
more  for  energy,  are  such  that  fiscal  problems  push  us  in  the  direc- 
tion of  buying  a  less  well -constructed  house  and  paying  more  for  our 
energy. 

AVliile  there  are  great  technological  opportunities,  I  think  they  pose 
very  severe  policy  problems  as  to  what  kind  of  economic  policy  and 
other  policies  would,  in  fact,  produce  the  incentive  that  would  drive 
us  toward  a  more  conservative  use  of  energy. 

Mr.  DixGELL.  Mr.  Heller  ? 

Mr.  Heller.  I  just  feel  moved  to  comment  on  this  question  of  Con- 
gressman Steele's. 

It  seems  to  strike  directly  at  the  whole  issue  of  how  we  plan  for  our 
future.  No  matter  what  figure  you  decide  on  for  energy,  it  would  have 
profound  effects  on  our  economic  process  and  on  the  ways  of  life  that 
Dr.  Brown  referred  to. 

Now,  if  we  are  to  plan  effectively,  it  means  that  we  are  cfoing  to  have 
to  take  into  account  at  the  national  level  as  well  as  the  State  level,  and 
here  I  am  getting  a  little  bit  out  of  my  sphere,  but  I  think  that  it  is 
right  to  say  we  are  going  to  have  to  operate  at  the  national  level  in  a 
comprehensive  and  integrated  way. 
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Our  California  Tomorrow  rpcommendation  for  a  State  planning 
council  chaired  by  the  Govei-nor,  responsil^le  for  broad  statewide  en- 
vironmental, economic,  and  social  policy  might  well  have  some  applica- 
tion at  the  national  level. 

I  am  aware  that  Senator  Humphrey  has  proposed  a  national  growth 
bill  which  addresses  some  of  tliese  questions,  but  I  am  not  too  acquaint- 
ed with  the  details. 

Mr.  Steele.  Thank  vou,  Mr.  Chairman. 

Mr.  DiNGELL.  Mr.  Studds? 

Mr.  Studds.  Thank  you,  Mr.  Chairman. 

Gentlemen,  I  do  not  think  I  would  dare  to  begin  to  attempt  in  5 
minutes  or  perhaps  even  5  hours  to  address  even  a  segment  of  what 
you  have  been  attempting  to  focus  our  attention  on. 

You  have  dealt  with  problems,  of  energw  population,  food  resources, 
and,  I  suppose  in  a  related  way,  the  whole  question  of  the  life  style  of 
people  in  this  country,  ways  in  which  it  might  have  to  change  whether 
we  like  it  or  not. 

For  me,  one  of  the  real  lessons  of  this  morning  was  mentioned 
by  Mr.  Hunt  when  he  referred  to  the  slowness  of  our  institutions,  our 
institutional  response.  I  can  remember  in  days  when  I  was  living  a 
more  rational  life  and  did  such  exotic  things  as  read  books,  I  read  Dr. 
Brown's  earlier  book  which  led  me  to  do  a  good  deal  of  thinking. 
A^Hien  you  are  elected  to  Congress  you  become  an  early  victim  and 
lose  the  privilege  of  reading  books  and  forming  thoughts. 

In  the  earlier  ringing  of  those  bells,  we  do  not  know  whether  we  are 
going  to  deal  with  the  closing  of  a  military  base  when  we  go  to  the  floor 
or  what  and  you  gentlemen  can  proceed  to  go  back  and  think  and  write 
some  more,  tn  your  capacity  to  read  and  think  and  do  the  kind  of  re- 
search, given  the  structure  of  the  Congress  it  is  utterly  behind  the  in- 
dividual ^lember  or  the  staff  of  individual  Members  of  Congress  that 
somehow  we  can  bring  these  two  things  together. 

Tliis  dialogue  will  not  be  a  momentary  kind  of  thing  and  we  ^yill 
both  go  our  separate  and  I  think  dangerous  kinds  of  ways,  but  I  think 
we  can  come  together  again  and  again  in  terms  of  specifics.  We  need 
you  and  people  like  you  very,  very  much.  As  I  say,  I  hesitate  to  ask 
any  particular  question. 

I  wonder  if  any  of  the  areas  of  the  sea  you  mentioned  Mr.  Hunt, 
that  we  tend  to  react  only  to  a  crisis.  I  think  that  is  true.  A  crisis  is  a 
crisis  is  a  crisis  which  means  we  are  constantly  in  a  state  of  crisis.  Do 
you  see  in  any  of  the  areas  that  you  are  talking  about  anything  that 
might  force  even  the  attention  of  this  finite  institution  ? 

Mr.  Hunt.  This  is  a  major  problem.  What  is  going  to  be  the  first 
severe  problem  to  hit  us?  From  the  standpoint  of  predictive  models 
I  do  not  think  I  could  put  my  finger  on  any  one  single  issue. 

It  is  a  question  of  probabilities.  Each  issue  from  famine  to  wide 
spread  human  mutations  has  its  own  probability  of  occurrence,  and 
hence  there  is  no  certainty  as  to  which  will  arrive  first  or  have  the  most 
serious  impact. 

In  the  field  of  human  diseases  we  have  seen  two  new  and  potentially 
catastrophic  varieties  surface  in  the  last  5  years.  I  refer  to  the  Lhassa 
and  Marburg  viruses  which  fortunately  were  isolated  and  l^-ought  un- 
der control.  Had  they  not,  or  for  that  niatter  should  the  much  rumored 
man-developed  pneumonic  rabies  escape  the  laboratories  mankind 
faces  a  pandemic  of  unimaginable  proportions. 
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The  probabilities  of  each  or  any  of  these  problems  occurrinsr  in  the 
next  year,  5  or  10  years  are  difficult  to  assess.  But  they  are  possibilities 
and  should  be  recognized  as  such. 

We  have  similar,  althouo^h  less  dramatic,  possibilities  of  crises  in  the 
field  of  world  food  supplies.  I  am  sorry  that  Kenneth  Watt  is  not  here 
to  explain  the  impact  on  food  production  that  a  volcanic  eruption  on 
the  scale  of  Tambora,  which  occurred  in  1815,  would  have  on  the  world 
today.  It  would  most  certainly  result  in  hundreds  of  millions  of  incre- 
mental deaths  related  directly  or  indirectly  to  starvation,  and  to  date 
we  have  no  way  of  controlling  a  natural  phenomena  such  as  a  volcanic 
eruption. 

The  point  is  that  we  have  a  host  of  potential  major  problems  with 
differences  in  both  severity  and  probabilities  of  occurrence.  That  there 
are  no  easy  answers  or  clearcut  priorities  in  no  way  diminishes  the 
realities  of  the  situation.  I  hope  that  to  some  degree  this  answers  your 
question. 

Mr.  Studds.  It  was  not  specifically  directed  to  you.  It  was  an  open 
question.  I  appreciate  it. 

Dr.  Brown.  I  think  one  of  the  potentially  serious  short-term  prob- 
lems would  be  that  which  would  arise  if  we  do  not  have  a  successful 
Law  of  the  Sea  Conference  coming  up  late  this  year,  and  there  is  no 
assurance  we  will. 

There  are  some  very  complex  and  difficult  issues  to  deal  with.  If  we 
should  fail  in  the  fisheries  area  to  .o:et  the  cooperative  global  manage- 
ment that  is  needed,  then  we  will  face  the  possibility  in  the  very  near 
future  of  a  sharply  declining  catch  of  some  of  the  important  commer- 
cial species  of  fish. 

In  a  world  where  the  current  catch  is  close  to  40  pounds  per  person 
of  live  weight  seafood  this  is  important  and  the  stress  that  would 
develop,  in  the  international  economic  and  political  systems  as  a  result 
of  this  could  be  very  serious,  in  part  because  some  countries  have  come 
to  depend  very  heavily  on  oceanic  protein  supplies.  I  cite  specifically 
Japan  and  the  Soviet  ITnion.  Japan,  be.qfinning  several  decades  ago, 
turned  to  the  oceans  and  so  today  the  Japanese  are  now  consuming 
TO  pounds  of  fish  per  year  and  only  7  pounds  of  beef. 

The  Soviets,  I  estimate,  are  consuming  30  pounds  of  fish  per  year, 
which  is  nearly  triple  the  U.S.  consumption. 

If  conditions  in  world  fisheries  begin  to  deteriorate  rapidly,  then 
those  two  countries  will  be  very  vulnerable  and  can  be  expected  to 
react  in  ways  that  are  at  this  point  very  difficult  to  predict. 

Certainly,  if  thino;s  go  the  wrong  way  in  world  fisheries,  then  we  can 
expect  a  great  deal  of  pressure  on  land-based  protein  supplies  that 
otherwise  would  not  exist. 

Mr.  Breaitx  (presiding).  Dr.  Meadows? 

Dr.  Meadows.  I  would  like  to  respond  to  an  implication  in  an  earlier 
question.  It  is  often  suggested  by  those  who  have  a  vested  interest  in 
growth  that  the  American  public  could  never  accept  the  chantres  that 
would  be  necessary  to  stabilize  the  use  of  energv  or  materials.  It  seems 
to  me  the  real  source  of  inflexibility  is  not  in  the  American  consumer 
but  in  the  institutions  that  are  set  up  to  "serve"  his  needs. 

In  the  transportation  industry  we  have  enormously  rigid  industrial 
organizations  whose  leaders  proclaim  that  they  must  behave  the  way 
they  do  only  because  the  American  consumer  would  not  accept  another 
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mode  of  behavior.  The  popularity  of  small  cars  imported  from  abroad 
is  a  direct  counter  diction  of  their  claims. 

Produceds  om  nonreturnable  bottles  claim  they  cannot  recycle  their 
products  because  the  consumer  would  not  accept  the  inconvenience. 
Yet  returnable  containers  were  the  dominant  type  throu^jhout  most 
of  this  century.  It  is  the  economic  institutions,  not  the  consumers,  who 
currently  flight  the  legislation  banninji!:  nonreturnables.  Our  citizens 
are  much  more  flexible  than  we  may  perceive. 

Confjressman  Studds  has  inquired  about  crises  and  Mr.  "Brown  has 
suggested  a  few  possibilities.  There  are  other  potentials  for  crises 
involving  nuclear  materials  either  through  accident  or  through  their 
deliberate  use  in  the  hands  of  terrorists.  By  its  own  admission  the 
Atomic  Energ}^  Commission  does  not  today  have  sufficient  control  over 
fissionable  materials  to  assure  that  there  are  not  bomb  quantities  of 
plutonium  and  other  materials  in  the  hands  of  people  who  might  use 
them  for  their  own  use.  The  situation  will  become  much  worse  if 
growth  in  the  use  of  atomic  energy  is  continued.  If  current  trends 
were  extrapolated  then  only  1  percent  of  the  nuclear  materials  stored 
by  the  AEC  in  the  year  2000  will  be  sufficient  for  1,000  Hiroshima- 
type  bombs. 

There  are  a  number  of  these  crises  that  we  can  anticipate.  It  is  not 
useful  to  dwell  on  the  idea  of  catastrophe  unless  it  leads  us  to  some 
constructive  response.  One  such  response  Avould  be  the  creation  by 
Congress  of  a  council  or  a  center  or  an  Institute  on  Crises.  The  Center 
could  identify  those  areas  where  there  is  a  finite  probability  of  disaster 
and  could  lay  the  groundwork  of  institutional  and  technical  analysis 
required  before  the  crisis  occurs.  Without  this  preparation  we  will 
lack  the  reasoned  background  upon  which  to  respond  when  the  crisis 
is  upon  us.  Metaphorically,  we  will  find  ourselves  at  ?>  minutes  to  mid- 
night pondering  desperately  to  identify  what  constructive  alternatives 
exist,  and  with  insufficient  time  to  create  new  solutions.  A  number  of 
other  countries  have  initiated  moves  in  this  area.  They  have  created 
studv  groups  on  conceivable  crises.  We  could  easily  do  the  same. 

Mr.  Breaux.  Are  there  any  other  comments  in  response  to  Mr. 
Studd's  question  ? 

If  not,  we  will  now  call  on  Mr.  Mills. 

Mr.  Mills.  Thank  you,  Mr.  Chairman. 

I  have  a  number  of  questions.  I  think  this  has  been  a  most  en- 
lightening proceeding  and  I  for  one  appreciate  the  testimony  that  has 
been  given. 

I  wonder,  considering  the  fact  that  it  is  unlikely  we  are  going  to 
change  in  the  veiy  near  future  to  all  small  automobiles,  I  wonder 
if  you  might  comment  about  the  increase  in  consumption  of  gasoline 
caused  by  the  emission  controls  that  are  required. 

It  would  seem  we  want  clean  air  and  at  the  same  time  we  have  a 
fuel  shortage  and  I  am  just  wondering  if  there  is  a  thought  thnt  you 
might  have  since  Ave  obviously  are  not  going  to  change  to  the  small 
cars  all  at  one  time. 

Dr.  Browx.  It  mijrht  be  that  Ave  may  have  to  shift  to  small  cars 
much  more  rapidly  than  many  of  us  uoaa-  anticipate  both  for  reasons 
of  energy  conser\^ation  and  of  air  pollution. 

If  one  looks  at  the  plans  that  scA-eral  cities  haA-e  been  working  on, 
around  the  country  to  comply  Avith  the  Clean  Air  Act  of  1970  by 
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1975,  one  has  to  be  impressed  by  their  stririfjency,  by  some  of  the  steps 
that  have  to  be  taken  to  comply.  The  year  1975  is  not  very  far  away 
and  my  guess  is  that  the  obviousness  of  the  need  to  shift  to  smaller 
automobiles,  both  at  the  national  level  in  terms  of  reducing  national 
dependence  on  energy  supplies  and  at  the  individual  level,  may  begin 
to  escalate  very  rapidly. 

I  have  said  before  that  we  have  seen  some  rapid  changes  in  atti- 
tudes in  this  country  over  the  past  several  years,  particularly  the 
past  few  years,  on  such  fundamental  things  as  childbearing  and 
family  size.  If  we  can  change  our  attitudes  on  the  size  of  the  families 
then  perhaps  we  can  do  it  just  as  rapidly  on  the  size  of  automobiles, 
which  is  not  quite  as  intimate  and  so  deeply  woven  into  the  social 
fabric. 

It  may  well  be  that  2  years  from  now  we  will  react  to  the  idea  of 
driving  4,500-pound  automobile  that  gets  8  miles  to  the  gallon  and 
creates  a  lot  of  air  pollution  in  much  the  same  way  we  now  react  to 
a  person  who  announces  his  or  her  intention  of  having  10  children. 

Mr.  Mills.  Thank  you.  I  will  forego  any  further  questions.  We 
have  8  minutes  to  answer  a  qviorum  call.  That  precludes  us  from  doing 
anything  else. 

Mr.  Breaux.  Thank  you,  Mr.  :Mills. 

I  would  like  to  thank  at  this  time  the  distinguished  members  of 
the  panel.  I  think  everybody  is  in  agreement  it  is  certainly  one  of  the 
most  prestigious  panels  ever  assembled  before  this  committee. 

The  congressional  research  service  has  prepared  a  series  of  docu- 
ments on  background  materials  for  these  hearings  and  without  ob- 
jection we  will  include  them  in  the  record  at  the  close  of  today's 
hearings. 

[The  documents  are  found  at  p.  59  :] 

Mr.  Breaux.  Without  objection,  the  subcommittee  will  stand  in 
recess  until  2  o'clock  this  afternoon. 

[Wliereupon,  at  12 :20  p.m.,  the  subcommittee  recessed  to  reconvene 
at  2  p.m.,  the  same  day.] 

AFTERNOON    SESSION 

Mr.  DiNGELL  (presiding).  The  subcommittee  will  come  to  order. 

This  is  a  continuation  of  the  hearings  commenced  this  morning  on 
the  subject  of  growth.  The  subcommittee  is  considering  the  problem  of 
growth  and  its  implications  for  the  future. 

The  distinguished  panel  that  was  with  us  this  morning  is  in  large 
part  here  with  us  this  afternoon  and,  of  course,  the  members  are  here. 

The  Chair  is  particularly  pleased  to  welcome  back  Governor  Peter- 
son, Dr.  Meadows,  Dr.  Frosch,  Mr.  Heller,  Mr.  Salyer  and  Mr.  Hunt. 

The  Chairman  will  recognize  for  the  purposes  of  beginning  the 
questions  the  Counsel  of  the  Subcommittee,  Mr.  Potter. 

Mr.  Potter.  The  questions  that  were  raised  and  discussed  this 
morning  leave  a  great  area  for  potential  discussion  and  I  am  a  little 
hesitant  of  sticking  my  toe  in  the  water  because  we  did  cover  so 
much  ground- 
It  was  interesting  to  me  that  in  the  panel  of  widely  different  back- 
grounds and  responsibilities,  what  they  were  saying  seemed  to  cluster. 
What  tliey  were  tellina:  us  it  seems  to  me,  the  message  that  I  2:ot,  and 
I  would  be  interested  in  knowing  from  you  if  I  misinterpret  it  is  that 
in  fact  there  are  growth  problems  and  that  they  are  urgent. 
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The  precise  nature  of  the  urgency  is  not  clear  and  perhaps  only  more 
information  can  clear  it  up.  How  to  <ret  tliat  information  is  probably 
going  to  be  the  last  question  that  we  ask  you  today. 

I  take  it  that  it  is  the  consensus  of  the  panel  that  there  are  in  fact 
some  kinds  of  limits  to  growth  of  different  kinds,  and  these  limits 
may  be  biological,  economic,  social,  or  industrial,  or  other. 

The  question  that  I  am  interested  in  at  this  point  is,  is  there  evidence 
that  any  of  these  limits  are  being  approached  or  have  been  exceeded ; 
and  if  not,  how  are  tliey  likely  to  first  show  up  ? 

I  just  throw  that  out  as  an  open  question.  I  would  be  interested  in 
your  estimation  of  when  we  know"  we  arc  in  trouble. 
Dr.  Meadows,  why  don't  you  lead  off. 

Dr.  ]\Ieadows.  I  regret  the  shade  of  meaning  which  has  been  assumed 
by  the  phrase  "limits  to  growth.'-  The  phrase  is  used  to  imply  a  situa- 
tion in  which  we  will  suddenly  wake  up  one  morning  and  discover  to 
our  surprise  that  after  centuries  of  unfettered  expansion  we  are  sud- 
denly hitting  some  absolute  limit  more  or  less  as  a  car  runs  into  a 
brick  wall. 

In  fact,  the  limits  are  diffused  in  a  social  system  as  complex  as  ours. 
The  limits  impact  on  all  aspects  of  our  society  and  their  pressure 
mounts  slowly.  Important  limits  are  already  exerting  pressure  on  the 
po])ulation  and  the  economic  expansion  in  this  country. 

If  we  were  to  be  attentive,  each  of  us,  as  we  go  through  our  daily 
lives  could  list  100  ways  in  which  the  number  of  people,  the  amount  of 
economic  activity,  the  scale  of  energy  use  and  the  level  of  material 
consumption  in  this  country  decrease  our  quality  of  life.  The  list 
would  include  items  that  range  from  the  relatively  trivial  aspects  of 
trying  to  find  a  parking  place  to  the  very  great  difficulties  engendered 
by  sky  rocketing  prices  of  food,  lumber,  housing,  and  energy. 

All  of  these  things  are  related  to  growth.  All  of  them  are  manifes- 
tations of  pressures  which  will  inevitably  rise  when  you  have  a  grow- 
ing population  in  a  finite  area.  Some  will  admit  that  demographic 
limits  are  present  only  when  the  population  is  declining  from  lack  of 
basic  nutrition.  We  need  a  more  refined  view  of  that.  We  need  to  think 
through  the  goals  we  hold  out  for  our  population.  A  start  toward  this 
end  was  made  by  the  Commission  on  Population  Growth  and  the 
American  Future.  Then  Ave  must  determine  wliat  level  of  the  popu- 
lation and  economic  activity  are  consistent  with  those  goals. 

Some  people  who  have  given  this  careful  thought  have  decided 
that  the  quality  of  life  in  this  country  is  already  decliniuir  in  impor- 
tant ways.  The  social  services  available  in  some  areas,  the  access  to 
natural  amenities,  the  level  of  }:)ersonal  freedom  and  security  are  de- 
clining because  of  the  growth  that  is  already  going  on. 

This  gradual  onset  of  more  and  more  restrictive  negative  pressures 
is  what  poses  a  very  strong  challenge  for  our  legislative  branch.  Tliere 
is  not  likely  to  be  a  sudden  threshold,  a  sudden  explosion  or  collapse 
which  will  trigger  wide  scale  concern.  Eather  we  are  now  in  a  period 
which  will  see  a  steady  erosion  of  the  material  and  social  aspects  of  life 
in  this  country.  Personal  freedom  is  declining  both  under  law  and  with 
respect  to  discretionary  resources.  The  quality  of  the  environment 
is  deteriorating  and  so  forth. 

The  limits  are  active  today  by  almost  anv  standard.  They  are  caus- 
ing a  deterioration  in  our  life.  They  will  undoubtedly  continue  to  do  so 
as  population  grows  and  as  economic  activities  increase. 
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The  only  answer  to  the  question  "when  will  we  meet  the  limits?"  is 
"we  already  have."  Corrective  action  today  seems  a  little  bit  late,  but 
it  is  better  than  waiting  until  tomorrow. 

Mr,  DiNGELL.  Dr.  Frosch. 

Mr.  Frosch.  In  my  mind  there  are  clear  indicators  of  having  reached 
certain  kinds  of  limits  to  growth  in  particular  areas  in  major  U.S. 
cities,  where  I  think  the  social  pressures,  if  nothing  else,  are  beginning 
to  indicate  that  we  have  reached  some  kind  of  a  very  difficult  point. 
Whether  it  is  a  limit  is  a  question,  but  at  any  rate  a  point  at  which 
living  in  some  cities  has  gotten  in  many  quality  ways  progressively 
into  difficulty.  Certainly  the  environment  in  the  more  restricted  sense 
of  pollution  has  gotten  to  be  a  very  serious  problem. 

Nevertheless,  there  are  other  parts  of  the  country  where  I  think  the 
local  people  would  feel  that  they  have  not  yet  reached  their  limits  to 
growth  the  size  and  complexity  they  would  like  to  get  to.  We  are  back 
with  the  problem  of  an  aggregated  model  which  can  tell  certain  things 
in  the  overall,  but  if  applied  as  a  guideline  to  what  to  do,  might  apply 
well  in  some  areas  but  create  difficulties  and  injustices  in  another  area. 

There  is  a  problem  of  growth,  where  and  for  whom,  that  has  to  be 
met  with,  and  that  is  one  that  we  are  really  just  beginning  to  under- 
stand the  complexity  of. 

Mr.  DixGELL.  Gentlemen  of  the  panel  and  members  of  the  committee, 
the  Chair  notes  with  regret  that  we  have  two  buzzers.  There  is  an 
amendment  to  be  voted  on  the  House  floor. 

At  this  point  the  subcommittee  will  recess  while  Mr.  du  Pont  and 
I  go  over  to  the  floor  and  respond  to  the  call.  We  will  be  back  probably 
within  15  minutes.  We  do  express  our  apologies  and  it  will  be  necessary 
for  us  to  recess  the  committee  for  that  period  of  time. 

If  there  is  no  further  business  to  be  transacted  at  this  particular 
minute,  the  subcommittee  will  stand  in  recess  for  a  period  of  about 
15  to  20  minutes. 

[Brief  recess.] 

Mr.  DiNGELL.  The  subcommittee  will  come  to  order. 

The  subcommittee  continues  its  study  into  the  problems  of  growth 
and  its  implications  for  the  future. 

Mr.  Potter.  Dr.  Frosch,  vou  just  finished  raising  what  is  a  not  un- 
controversial  point  and  I  think  Mr.  Salyer  wanted  to  say  something 
about  the  question  of  how  we  know  where  we  are. 

Mr.  Salter.  Well,  I  guess  I  wanted  to  make  a  couple  of  comments, 
somewliat  general ,  but  I  hope  rel  ated  to  the  subj ect. 

First,  we  should  remember  that  the  aggregate  effects  we  perceive 
as  approaching  limits  of  one  kind  or  another,  are  often  the  products 
of  individual  choices  that  are  made,  sometimes  in  industries  or  in  in- 
stitutions and  having  far-reaching  effects,  sometimes  personal  with 
more  limited  outcomes. 

In  the  case  of  the  population  area,  as  in  many  areas  of  consumption, 
we  are  talking  about  total  stresses  that  are  the  sum  of  individual 
choice. 

It  is  important  to  look  at  the  situation  within  which  individuals 
choose  between  a  variety  of  courses  of  action  that  are  open  to  them. 

One  factor  affecting  the  choices  an  individual  makes  is  education. 
That  people  understand  what  aggregate  dangers  exist,  and  how  close 
we  are  to  certain  limits,  is  an  important  and  neglected  element  of  the 
educational  process. 
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A  second  critical  factor  is  the  environment  within  which  an  indi- 
vidual makes  a  choice,  and  a  key  part  of  that  is  the  availability  of 
real  alternatives. 

In  the  matter  of  automobile  consumption  I  think  this  means  hav- 
ing available  and  understood  the  alternative  of  smaller  automobiles. 

In  the  area  of  population  choices  it  means,  in  part,  ha^^n^  a  range 
of  contraceptives  available. 

A  third  factor  in  an  individual's  ability  to  choose  is  the  knowledge 
and  understanding  of  what  the  results  may  be  in  taking  one  course 
of  action  as  opposed  to  another.  In  the  matter  of  planning  one's  family 
as  opposed  to  not  planning  one's  family  the  knowledge  of  the  costs  of 
children,  the  advantages  and  disadvantages  of  spacing,  and  so  on 
are  important. 

I  think  a  fourth  component  in  the  capability  to  choose  is  the  indi- 
vidual's ability  to  actuate  a  choice.  Once  one  sees  the  value  in  making 
a  decision,  understands  the  range  of  opportunities,  and  settles  on  a 
single  course  of  action,  psychological  or  economic  barriers  may  still 
stand  in  the  way.  If  one  is  not  able  to  cany  out  the  required  actions, 
then  it  does  not  make  any  difference  whether  he  understands  that  there 
is  a  preferred  course  of  action. 

In  the  area  I  am  most  familiar  with,  that  of  choices  regarding 
family  size  there  are  many,  many  components  to  this  and  one  is  very 
much  a  psychological  situation. 

If  people  do  not  feel  they  have  a  stake  in  their  personal  future  as 
well  as  a  collective  future  of  the  Xation,  then  I  think  you  can  expect 
less  than  full  capacity  on  their  part  to  act  out  a  choice  that  is  in  their 
own  self-interest  as  well  as  in  the  interest  of  the  larger  society. 

'\Vliat  I  am  suggesting  is  that  our  Commission  recommended  as  the 
proper  national  goal,  actualization  of  freedom  of  choice.  As  we  sur- 
veyed the  range  of  policies  and  as  we  assessed  the  consequences  of 
growth  we  concluded  that  the  way  you  reach  a  stabilized  population  is 
not  by  passing  a  national  goal  that  we  stabilize  the  population  but  by 
creating  a  climate,  an  environment  within  which  individuals  can  make 
informed  reproductive  choices. 

I  think  that  how  you  create  that  kind  of  climate  is  the  kind  of  thing 
that  lawmakers  should  be  concerned  with :  the  clarification  of  options; 
the  removal  of  barriers  to  choices  that  we  believe  are  in  our  society's 
best  interest;  and  the  support  necessary  for  individuals  to  make 
thoughtful  choices  and  act  on  their  preferences. 

I  have  tried  to  point  out  what  I  think  are  some  approaches  to  open- 
ing that  freedom  of  choice  in  the  area  of  population.  Other  compo- 
nents of  "growth,"  I  believe,  should  be  similarly  addressed 

Mr.  DiNGELL.  Gentlemen,  you  will  note  the  distress  on  the  face  of 
the  present  occupant  of  the  chair.  I  will  have  to  recess  briefly  with 
appropriate  apologies  again. 

Our  Clerk  informs  me  it  is  a  vote  on  final  passage  of  the  bill.  The 
committee  will  stand  in  recess  for  approximately  15  minutes. 

[Brief  recess.] 

Mr.  DiNGELL.  The  subcommittee  will  come  to  order. 

Mr.  Potter.  Dr.  Frosch  has  a  reaction  to  Mr.  Salyer's  remarks. 

Dr.  Frosch.  Thank  you,  Mr.  Chairman. 

I  was  somewhat  bothered  by  what  seems  to  be  the  assumption  in  Mr. 
Salyer's  comment  to  the  effect  that  given  information  and  selective 
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choice  individual  rational  choices  will  automatically  lead  to  a  set  of 
decisions  that  would  be  rational  for  the  larger  aggregate. 

At  best,  that  is  likely  to  be  true  if  everybody  perceives  themselves 
as  having  the  same  problems,  but  it  seems  to  me  that  one  of  the  diffi- 
culties is  that  people  in  different  parts  of  the  country  and  different 
parts  of  the  world  see  themselves  (and  perhaps  really  do  have)  some- 
what different  problems  from  each  other.  Their  perception  of  how  to 
solve  their  own  local  problems  or  personal  problems  or  regional  prob- 
lems may  be  different  than  a  perception  of  how  to  solve  the  world's 
problems. 

For  example,  they  may  have  short-run  problems  of  personal  sur- 
vival in  a  region  that  lead  to  solutions  that  are  antithetical  to  the  solu- 
tion of  a  larger  problem :  is  local  problem  solving  always  a  good  con- 
tribution to  larger  aggregate  problem  solving? 

It  is  like  the  example  I  gave  this  morning  of  some  countries  who 
simply  feel  they  cannot  wait  to  solve  their  own  problems  inthe  short 
run,  because  thev  simply  won't  survive  as  a  people  to  the  time  when 
major  world  catastrophes  that  they  are  asked  to  contribute  to  the 
solution  of  will  occur.  'Wlien  the  problems  are  distributed  in  a  non- 
uniform way,  then  the  solutions  may  come  out  to  be  nonuniform,  and 
not  necessarily  in  a  way  that  can  be  aggregated  very  well. 

When  people  have  different  problems,  individual  rational  choices 
mav  not  produce  a  consensus  on  solution. 

Now,  we  might  say  that  if  they  understood  both  time  scales  and  both 
sets  of  problems  perfectlv,  then  we  could  find  some  solution  that  would 
accommodate  both  social  problems,  but  it  seems  to  me  it  is  not  auto- 
maticallv  the  case. 

It  might  take  some  doing  to  harmonize  the  problems  in  the  sense 
that  the  solutions  to  those  problems  could  also  be  harmonized.  It  is 
a  complexity  of  problems. 

Mr.  Salter.  If  I  could  malvc  a  quick  response.  I  may  have  seemed  to 
be  waxins:  philosophical  in  that  last  statement. 

Wliat  I  was  attempting  to  do  was  get  down  to  the  crux  of  the  matter 
and  to  return  to  what  Dr.  Meadows  said  this  morning  about  the  com- 
ponents to  our  growth  situation  as  being,  in  part,  demographic;  in 
part,  material  consumption;  and,  in  part,  service  consumption. 

I  was  talking  from  the  perspective  of  one  who  is  involved  in  trying 
to  find  some  solution  to  the  demographic  piece  of  that  growth  problem 
and  also  speaking  from  the  perspective  of  one  dealing  prim.arily  with 
the  domestic  situation.  With  those  qualifications  I  would  say  there  is  a 
certain  liappy  circumstance  in  our  domestic  situation  where  the  sum 
of  the  individual  self-interest  does  seem  to  correspoTid  to  what  is  in 
the  collective  interest  of  the  United  States,  if  individuals  are  able  to 
act  out  their  reproductive. 

The  lar2:er  question  you  raise — whether  in  other  situations  informed 
individual  iudgments.  taken  collectively,  are  in  the  society's  best  in- 
terest— is  the  classic  dilemma  of  political  theory  and  of  government 
in  areneral. 

I  would  maintain  that  at  least  in  a  democratic  society  we  have  very 
little  choice  liut  to  look  at  the  complicated  problem  you  raise  and  ask, 
how  do  you  clarify  options  and  choices,  alternatives,  both  for  indi- 
viduals and  for  the  society,  in  such  a  way  as  arguments  can  be  effec- 
tively marshaled  to  encourage  an  enlightened  view. 
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I  think  that  is  what  we  are  about  here  today,  trying  for  each  com- 
ponent of  growth,  mentioned  by  Dr.  Meadows,  to  lay  out  the  alter- 
native courses  of  action  and  to  assess  how,  in  an  intelligent  way  and  a 
way  consistent  with  our  values,  we  can  encourage  a  course  ot  action 
that  will  result  in  a  collective  good.  ,.,.     ,  . 

I  sui^pose  it  comes  down  to  where  one  fits  on  the  political  spectrum 
as  to  how  much  confidence  you  place  in  the  intuitive  judgments  that 
people  will  make  when  confronted  with  certain  information  or  certain 

I  may  be  a  bit  more  confident  and  a  little  bit  more  optimistic  about 
the  way  people  will  decide  than  some  others. 

That  optimism  is  only  warranted  if  we  consider  better  ways  of 
presenting  alternatives  so  as  to  point  up  alternatives  and  necessary 

short-run  actions.  .  i        xi,- 

I  would  be  interested  in  Mr.  Heller's  observations  on  how  this  may 
be  done  on  a  State  level  as  well  as  at  national  and  international  levels. 

Mr.  Heller.  May  I  respond  ? 

Mr.  DiNGELL.  Yes. 

Mr.  Heller.  I  think  what  we  are  talking  about  or  what  I  am  con- 
cerned about  is  how  the  Nation  goes  about  addressing  these  issues  and 
I  o-ather  this  is  one  of  the  central  concerns  of  this  committee  in  this 

to 

hearing. 

Mr.  DiNGELL.  You  are  addressing  yourself  to  the  institutional  prob- 
lem, the  structuring  of  institutions  to  arrive  at  proper  decision  mak- 
ing. 

IVIr.  Heller.  Eight. 

In  my  view,  what  we  are  talking  about  is  a  national  planning  mecha- 
nism. 

Now,  whether  it  is  a  superplanning  agency  or  simply  a  process 
that  we  can  imderstand,  it  is  nevertheless,  a  national  planning  mecha- 
nism. 

I  think  we  are  generally  agreed  that  we  do  not  now  adequately 
address  ourselves  to  these  issues. 

It  seems  to  me  that  there  are  certainly  three  or  four  basic  require- 
ments for  getting  at  these  issues.  First  is  information,  the  kind  of 
thing  that  Mr.  Salyer  has  been  talking  about,  finding  out  where  we 
are,  finding  out  what  are  the  alternative  strategies  available  to  us 
and  even  testing  new  concepts,  if  necessary. 

It  is  my  view  that  this  sort  of  informational  mechanism,  whether 
it  is  an  environmental  institute  such  as  Mr.  Potter  mentioned  or  some- 
thing else,  that  informational  category  would  have  to  be  accessible 
not  only  to  the  executive  branch  but  to  the  Congress ;  that  its  findings 
should  be  visible  and  that  it  might  well  publish  regularly  proposed 
alternative  national  policies. 

I  think  that  a  second  requirement  of  a  national  planning  mecha- 
nism is  a  strong  Executive  Department  responsibility  within  this  field 
with  the  President  in  charge  and  involved. 

Tliird,  and  this  gets  to  the  area  of  carrying  things  out,  is  a  closely 
tied-in  budgeting  process,  not  only  as  an  aid  to  congressional  budget 
activities  but  really  to  force  an  administration  literally  to  put  its 
money  where  its  policies  are. 
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The  fourth  requirement  in  my  view  is  that  an  information  gather- 
ing/budgetmaking  or  a  planning/budgetmaking  mechanism  at  the 
Federal  level  has  to  be  conceived  as  a  part  of  a  national  system  of 
decision  making,  including  State  and  regional  elements. 

Mr.  Hunt.  May  I  pick  up  from  there  'I 

Mr.  DiNGELL  .Yes. 

Mr.  Hunt.  Going  back  to  your  original  question  that  Mr.  Potter 
brought  up  and  perhaps  reaMrming  some  other  comments  that  were 
made  before,  I  think  one  of  the  major  problems  that  we  have  in  this 
field  is  the  absence  of  an  adequate  welfare  accounting  system  within 
this  country. 

The  lack  of  such  a  social  accounting  system  has  led  us  into  a  num- 
ber of  noneconomic  traps.  Where  a  man  is  permitted  to  invest,  for  ex- 
ample, $1.20  and  get  back  $1.50  and  hence  a  $0.30  personal  profit 
without  recognizing  that  he  is  costing  society  as  a  whole  an  additional 
dollar  in  hidden  incremental  costs  we  have  a  case  of  poor  public  de- 
cision making.  Until  we  are  far  more  thorough  in  accounting  for  these 
third  party,  external  diseconomies,  or  hidden  costs,  call  them  what  you 
will,  our  decision  making  on  these  issues  of  growth  will  be  at  best, 
weak  and  imperfect. 

Even  without  such  a  methodology  of  analysis  I  think  there  are  a 
number  of  indices  showing  that  we  are  reaching  the  limits  of  growth 
in  certain  fields. 

I  was  bom  and  raised  in  New  York  City  and  live  on  its  outskirts 
today.  There  is  evidence  that  the  social  systems  in  this  microcosm  have 
been  breaking  down  or  deteriorating  for  the  last  5  to  7  years. 

For  Sample,  ask  any  citizen  of  the  area  what  the  phone  service  is 
like  and  which  direction  it  seems  to  be  heading. 

Mail,  another  communication  or  social  service,  has  been  getting 
much  worse  in  terms  of  both  pickup  and  delivery  for  all  the  efficiency 
and  cost  savings  that  are  claimed. 

Electrical  energy,  again  within  the  category  of  social  services,  shows 
a  simultaneous  increase  in  costs  and  decrease  in  reliability.  And  then 
there  is  the  tragic  case  of  education. 

On  a  national  basis,  we  are,  as  has  been  discussed,  getting  signs  on 
resources  in  terms  of  rising  prices.  As  mentioned,  food,  wood  products, 
energy,  and  indeed  labor  prices  are  rising  and  are  expected  to  continue 
to  rise  for  the  f orseeable  future. 

To  me,  all  of  these  factors  are  indicators  that  we  are  overstressing 
our  system. 

Turning  to  Mr.  Heller's  comments,  he  brought  up  iho,  necessity  for 
the  development  of  new  information,  data,  and  knowledge. 

I  think  rather  than  just  distributing  it  to  the  Congress  and  the 
Executive  there  is  an  obligation,  in  this  country,  to  disseminate  that 
information  to  the  public,  particularly  to  the  adult  voting  public  in 
this  country. 

The  word  is  not  now  getting  out.  No  one,  including  our  own  execu- 
tive branch  at  this  point  is  making  aggressive  effort  to  present,  the  true 
choices,  the  alternatives  in  a  futuristic  sense  to  the  public  itself.  Until 
that  is  done  and  pressure  is  built  from  the  constituency  of  the  Congress 
itself,  we  will  not  be  able  to  approach  these  problems  in  a  rational 
manner. 
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I  would  add  that  to  your  words,  Mr.  Heller,  if  one  does  develop  a 
think  tank  or  special  studies  07'oup,  a  strong  effort  be  made  to  make 
the  conclusions  and  reconmiendations  of  that  organization  broadly 
and  widely  available  to  the  general  public. 

Thank  you. 

Dr.  Meadows.  INIr.  Chairman,  the  aspect  of  the  growth  issue  which 
makes  it  so  difficult  to  deal  with  in  a  form  like  this  is  that  it  demands 
a  time  horizon  far  beyond  that  which  is  normally  present  in  the  con- 
duct of  our  daily  affairs. 

I  can  well  imagine  those  who  may  examine  the  evidence  offered  for- 
ward today  asking  why  it  is  we  should  suddenly  assume  our  economic 
svstem  and  technological  powers  will  not  take  care  of  these  problems. 
We  believe  that  they  have  always  done  so  in  the  past.  Why  should  we 
suddenly  be  worried  about  the  long-term  consequences  of  growth 
when  such  concern  has  not  been  necessary  during  the  last  200  years 
of  our  Nation's  history  ? 

Those  are  important  questions.  It  is  fair  to  expect  that  they  be 
answered  before  one  can  expect  new  approaches  to  these  issues. 

I  suggest  that  we  actually  have  entered  into  a  new  period,  one  which 
does  demand  somewhat  greater  compromise  among  our  various  goals. 
Several  facts  may  illustrate  my  claim.  This  country  was  unusually 
well  blessed  with  natural  resources  during  the  early  periods  of  its  his- 
tory. During  some  period  of  its  200  years'  existence  as  a  nation  the 
United  States  has  been  the  world's  major  producer  of  practically  every 
natural  resource.  Of  course,  we  are  still  the  world's  major  consumer 
of  almost  every  natural  resource.  Because  of  our  incredibly  bountiful 
endowment  and  the  very  small  number  of  people  who  first  migrated 
here  as  we  have  gone  through  a  period  in  which  natural  resources 
constituted  essentially  no  constraint  whatsoever  on  our  growth,  land 
area,  water,  minerals,  and  fuels  were  all  present  in  quantities  un- 
precedented in  history.  More  important,  such  prodigy  will  never  exist 
again  either  here  or  abroad  outside  the  Soviet  Union. 

We  were  able  to  provide  for  essentially  all  our  own  needs.  There- 
fore, we  were  freed  from  any  constraints  by  others  on  the  flow  of 
natural  resources  into  our  economy.  Today,  of  36  critical  resources 
required  by  our  economy,  about  30  are  imported  wholly  or  in  part. 
The  trends  are  toward  a  rapid  increase  in  our  dependence  on  overseas 
supplies.  In  contrast,  the  U.S.S.R.  imports  portions  of  only  seven 
materials  required  by  its  economy. 

This  morning  Mr.  Brown  portrayed  a  number  of  factors  which  have 
altered  the  food  situation.  Land  availability  is  also  altered.  In  the 
siting  for  power  reactors,  the  location  of  refineries,  and  so  forth  we  are 
beginning  to  find  that  there  simply  is  no  land  on  which  to  locate  those 
activities  without  compromising  the  goals  of  some  individuals  or 
citizens. 

T'I'ntil  very  recently  we  still  essentially  had  a  frontier  that  could  be 
exploited.  Now  we  are  faced  with  a  new  situation. 

INIore  difficult  than  the  new  resource  constraints  is  the  rapid  rate 
of  change  facing  our  institutions.  Our  demand  on  all  resources  cur- 
rentlv  doubles  within  a  period  of  one  or  two  decades.  The  sheer  mag- 
nitude of  the  growth  that  must  be  managed  does  confront  us  with  a 
new  situation. 
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There  are  suggestions  by  many  that  technology  of  the  economic  sys- 
tem can  guard  us  through  a  period  of  transition.  There  is  no  empirical 
basis  for  tJiat  statement  since  we  have  no  historical  experience  with 
a  period  of  transition  from  growth  equilibrium.  Moreover,  there  is 
much  knowledge  that  suggests  the  contrary  is  true.  My  background  is 
in  system  control.  A  fundamental  tenet  of  control  theory  is  that  sys- 
tems will  achieve  their  goals  only  if  the  ])lanning  horizon  is  somewhat 
commensurate  with  the  time  delays  in  the  system. 

In  our  national  socioeconomic  political  system  we  have  time  delays 
of  30  to  50  years  or  more.  It  takes  that  long  to  alter  the  nature  of  our 
power  system,  to  stabilize  our  population,  to  assess  the  impact  of  en- 
vironmental pollution  on  the  weather  and  so  forth.  Yet  tlie  planning 
time  horizons  of  our  industrial  and  political  organizations  are  very 
short,  a  few  years  in  most  instances. 

If  each  of  us  were  riding  in  a  car  where  the  driver  had  his  foot 
fiiTnly  pressed  on  the  accelerator,  where  the  driver  was  so  intoxicated 
that  it  took  him  several  minutes  to  respond  to  perceived  threats  on  the 
road,  and  where  he  was  guiding  the  car  by  looking  out  the  back 
window,  I  think  none  of  us  would  expect  to  arrive  at  our  destination. 
Unfortunately,  that  analog^'  is  a  very  appropriate  one  for  this  coim- 
try.  The  economic  system  and  new  technologies  will  be  helpful.  But 
neither  economic  nor  technical  institutions  are  immune  to  the  conse- 
quences of  rapid  change,  short  time  horizons  and  very  long  implemen- 
tation delays.  Thus  they  must  be  augmented  by  formal  efforts  at  longer 
term  planning. 

There  has  been  one  or  two  references  by  our  panel  to  the  word  "plan- 
ning." I  know  there  is  a  great  tendency  in  this  country  to  consider  na- 
tional planning  as  something  done  only  by  Communists.  Many  would 
suggest  that  it  is  an  activity  not  even  to  be  considered  in  the  context 
of  our  free  nation. 

In  fact  the  majority  of  the  countries  which  employ  long-term  plan- 
ning are  not  communistic.  It  is  time  to  break  down  this  prejudice. 

It  is  also  time  to  recognize  that  our  country  has  moved  into  a  period 
where  trade-offs  are  so  difficult,  and  changes  over  time  are  so  enormous 
that  we  must  develop  new  planning  institutions  to  augment  our  cur- 
rent legislative,  legal  and  executive  institutions.  All  of  these  do  have 
the  flexibility  to  respond  in  a  constructive  way  to  the  inputs  from 
planning  institutions. 

Each  of  you  are  required  to  pass  daily  upon  matters  of  energy, 
welfare,  policy,  enviroiunent,  foreign  trade  and  so  forth.  There  is 
absolutely  no  rational  basis  for  choosing  among  the  alternatives  that 
confront  you  until  tliis  country  has  a  longer  term  image  of  its  long- 
term  feasible  options  and  of  its  basic  objectives. 

There  is  no  way  to  choose  among  alternative  energy  policies  that 
will  take  30  years  or  more  to  implement  without  an  underetanding  of 
our  likely  goals  and  resources  30  years  from  now.  Basing  these  decisions 
on  short-term  considerations  will  certainly  fail  to  meet  our  long-term 
needs. 

In  addition  to  the  other  words  introduced  into  the  discussion  today, 
"planning,"  the  attempt  to  set  long-term  goals  and  allocate  resources 
for  their  attainment,  could  also  become  a  part  of  the  conversation  about 
growth.  Without  planning,  without  a  systematic  effort  to  think  of  the 
tradeoffs  we  simply  do  not  have  the  facilities  to  deal  with  "the  food, 
energy,  urban  and  other  issues  that  have  been  put  forward  today. 
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Mr.  Salter.  I  would  like  to  add  a  footnote  to  that. 
To  take  off  on  Dennis'  analogy  of  the  drunken  driver  looking  in  the 
rear  view  mirror,  the  question  comes  to  how  much  effort  you  will  devote 
to  develop  an  automobile  that  can  be  put  on  automatic  pilot  and  con- 
trolled from  some  central  guidance  point,  and  how  hard  you  are  try- 
ing to  sober  up  the  driver  to  a  point  where  he  can  drive  the  car. 

No  one  would  deny  the  need  for  the  longer  range  planning,  but  I 
think  we  have  to  also  ask  where  we  put  our  emphasis  and  over  what 
time  horizon  we  stress  various  parts  of  the  solution  process. 

One  reaction  is  a  centralization  of  planning  authority  and  power. 
That  is  true  when  you  are  speaking  on  a  local  level  about  the  inability 
to  make  decisions  affecting  metropolitan  concerns  because  of  overlap- 
ping jurisdictions  making  it  possible  for  any  separate  jurisdiction  to 
make  long-term  planning  choices. 

It  is  also  true  when  we  talk  about  States  and  it  is  true  on  the  Federal 
level.  Another  alternative  is  try  to  extend  the  time  horizons  of  the  in- 
dividuals and  to  enhance  their  ability  to  cope  with  uncertainties  and 
rapid  change,  and  we  heard  talk  about  that  today  also. 

Mostly,  it  takes  the  form  of  education.  I  think  you  can  translate 
aggregate,  long-term  problems  into  more  individual,  micro  concerns. 
This  is  an  area  that  is  promising  but  that  we  know  frightfully  little 
about. 

A  few  economists  around  the  country  are  resurrecting  the  concern 
for  household  economics,  asking  what  is  the  cost  to  an  individual  fam- 
ily of  certain  changes,  whether  it  is  the  addition  of  another  person,  aii- 
otlier  mouth  in  the  family,  or  whether  it  is  the  cost  to  the  family  in 
taxes  of  another  warm  body  moving  into  their  State  or  city. 

This  kind  of  analysis  is  in  its  infant  stage  and  needs  to  be  developed 
in  a  way  that  enables  us  to  more  skillfully  translate  aggregate  con- 
cerns into  individual  terms. 

I  think  the  other  alternative  that  I  think  most  of  us  are  rejecting 
is  to  rely  on  individuals'  short  run  perceptions  of  what  is  in  their  best 
self-interest  even  with  admittedly  inadequate  information.  This  ap- 
proach relies  on  a  concept  of  human  nature  that,  under  certain  stress 
situations,  people  will  sense  that  something  is  wrong  and  that  they  will 
take  their  required  actions. 

Doubtless,  it  is  going  to  take  a  combination  of  all  these  approaches. 
But  as  we  talk  about  planning  authority  we  should  also  be  dealing 
with  how  to  increase  the  time  horizons  of  individual  citizens,  and  how 
to  translate  long-term  concerns  into  individual  terms. 

How  can  you  begin  to  have  an  individual  understand  that  having 
40  million  in  the  State  of  California  by  the  year  2000  is  not  in  his  best 
self-interest,  other  than  by  saying  gosh,  your  block  is  certainly 
crowded.  That  is  not  going  to  work.  If  that  is  the  way  we  sell  these 
ideas  we  will  produce  all  sorts  of  perverse  outcomes  in  planning  that 
may  put  us  in  a  situation  as  bad  as  would  result  from  the  absence 
of  planning. 

Mr.  Potter.  Dr.  Meadows,  your  point  on  our  being  apprehensive 
about  planninof  in  this  country  is  well  taken. 

I  wonder  if  it  is  an  apnrehension  of  planners  or  an  apprehension  of 
people  executing  the  plans  that  are  drawn  by  the  planners. 

This  mav  be  a  useful  dichotomy  because  what  we  are  suggesting, 
and  I  take  it  what  you  are  suggesting,  is  that  we  need  a  much  clearer 
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perception  of  the  alternatives  and  what  it  would  cost  us  to  reach  any 
of  those  alternatives  and  that  what  actual  steps  we  are  goinfj  to  take 
in  order  to  reach  tlie  alternatives  that  we  choose  is  a  second  order 
judgment. 

Dr.  Meadows.  The  dichotomy  you  have  drawn  is  a  useful  one.  It  is 
useful  to  recognize  that  our  apprehension  about  planning  derives  from 
a  rather  narrow  image  of  what  planning  might  entail  in  our  country. 
It  is  easy  in  talking  about  national  planning  to  conjure  up  a  vision  of 
a  small  group  of  men  deciding  what  is  best  for  the  country.  We  right- 
fully have  a  reaction  against  that  image.  Such  a  mechanism  could  not 
work  in  the  best  interests  of  the  majority  in  our  society. 

Planning  is  intrinsically  nothing  more  than  the  process  of  analysis, 
data  gathering,  and  choice  which  can  take  place  at  any  level  of  gov- 
ernment or  the  private  sector.  The  planning  process  that  would  be 
most  appropriate  in  our  country  would  be  one  that  takes  place  in  a 
central  location  to  set  certain  standards,  both  ethical  and  procedural 
in  nature  and  agreed  upon  by  the  majority,  so  that  at  each  locality, 
there  could  be  a  mechanism  for  performing  analysis  and  choice  with 
a  longer  term  perspective. 

If  planning  were  conducted  in  a  manner  both  pluralistic  in  nature 
and  specific  in  form,  so  that  its  underlying  assumptions  are  subject  to 
criticisms  by  those  affected,  then  it  could  come  to  play  a  very  useful 
role  in  our  society. 

Mr.  Dtngell.  Dr.  Frosch  ? 

Dr.  Frosch.  I  agree  with  that  point.  It  seems  to  me  there  are  two 
reasons  for  suspicion  of  planning. 

One  is  a  feeling  that  planning  means  an  erosion  of  freedom.  Of 
course,  it  does,  but  it  might  be  a  voluntary  giving  up  of  freedom  in 
certain  small  ways  in  order  to  gain  major  advantages. 

However,  there  still  is  a  feeling  that  plans  then  become  a  constraint 
that  you  may  or  may  not  want  to  allow. 

In  situations  where  it  is  clear  that  the  combination  of  all  freedoms 
require  planning,  they  are  likely  to  combine  and  do  planning,  but  if  it 
is  not  conceived  that  they  are  in  trouble  and  planning  is  opposed  to 
freedom,  Americans  are  likely  to  opt  for  freedom. 

The  other  problem  is  I  think  suspicions  as  to  whether  planning 
works,  whether,  in  fact,  we  have  a  methodology  that  makes  it  possible 
for  the  results  of  planning  to  be  an  improvement. 

I  would  argue  that  there  are  some  real  problems  in  planning  meth- 
odology. At  least  one  of  the  problems  is  whether  a  plan  becomes  a 
static  plan  so  that  you  are  bound  by  it  long  after  circumstances  may 
have  changed  and  made  it  a  poor  plan. 

That  poses  a  very  severe  methodological  problem  because  it  means 
you  have  to  produce  a  plan  which  is  capable  of  change  as  circumstances 
change  without  having  to  be  entirely  redone. 

A  sequence  of  plans  that  are  nartially  carried  out  has  sometimes 
been  worse  than  no  plan  at  all.  That  is  not  to  say  that  they  are  going 
to  be  worse  than  the  plan  which  is  constructed  to  be  flexible,  but  I 
am  not  sure  we  really  know  how  to  construct  those  plans. 

Mr.  DiNGELL.  Mr.  Heller,  and  then  Mr.  Hunt. 

Mr.  Heller.  Mr.  Chairman,  I  would  feel  that  the  warnings  that 
we  can  sound  against  the  dangers  and  difficulties  of  planning  could 
continue  this  for  a  long  time. 
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However,  I  must  support  Mr.  Meadows'  basic  thesis  that  the 
United  States  has  an  obligation  to  devise  ways  and  means  of  comings  to 
grips  in  an  orderly  way  with  some  of  the  many  new  problems  that 
are  forcing  themselves  onto  the  scene  from  several  directions. 

I  would  make  one  specific  comment  on  one  of  his  points.  He  seemed 
to  emphasize  the  need  for  regional  planning  centers  of  various  kinds, 
which  I  would  certainly  heartily  endorse  as  one  of  the  things  that  I 
was  talking  about  this  morning. 

At  the  same  time,  one  of  the  things  that  we  learned  in  attempting 
to  construct  the  "California  Tomorrow"  plan  was  that  you  really  can- 
not plan  responsibly  at  the  State  level  without  comprehensive  guid- 
ance at  the  Federal  level,  and  comprehensive  planning  of  a  kind  which 
I  think  probably  has  not  been  contemplated  seriously  at  the  Federal 
level. 

Mr.  DiNGELL.  Is  it  not  true  whenever  you  run  into  a  broad  national 
problem  that  you  have  to  have  a  measure  of  standardization  across 
the  country  then  with  the  maximum  amount  of  local  and  State  discre- 
tion and  judgment-making  capacity,  that  the  circumstances  would 
justify? 

Of  course,  as  Mr.  Potter  reminds  me,  you  nm  into  the  same  prob- 
lem as  opposed  to  national  actions  where  you  have  problems  which 
are  international  in  character, 

Mr.  Hunt? 

Mr.  Hunt.  I  just  would  like  to  make  one  comment,  that  the  actual 
detailed  planning  be  handled  on  a  local,  suboriented  or  geographically 
oriented  basis,  with  a  top  group  coordinating,  organizing,  and  provid- 
ing the  parameters  for  this  planning. 

I  heard  evidence  of  such  unintegrated  planning  this  morning  when 
we  were  informed  that  the  AEC  has  just  cut  its  estimates  of  this  coun- 
try's petroleum  requirements  for  the  year  2000  by  some  20  or  30  per- 
cent. I  cannot  remember  the  precise  figure,  but  it  is  not  important.  The 
question  is,  on  what  basis  did  the  AEC  develop  this  new  estimate,  and 
do  they  recognize  the  full  implications  of  such  a  revision,  beyond 
the  consideration  that  they  may  have  to  build  more  new  plants?  Have 
they  reallv  examined  the  alternatives;  have  they  discussed  this  and 
factored  their  new  thinking  into  the  plans  and  projections  of  the 
Bureau  of  Mines?  If  they  have  not,  I  can't  take  their  analysis  and 
planning  very  seriously. 

It  has  been  the  absence  of  coordinated  lateral  transfer  of  informa- 
tion, mentioned  by  Dr.  Meadows,  that  has  plagued  such  planning  in 
the  past. 

In  light  of  this  I  would  like  to  make  a  strong  case  for  a  central 
governmental  planning  agency  that  may  not  be  involved  in  the  absolute 
particulars,  but  at  least  handles  the  coordination,  of  the  subelements. 
Without  such  a  group,  I  think  we  are  likely  to  perpetuate  the  sub- 
optimal  choices  that  have  characterized  a  lot  of  our  past  decisions. 

Mr.  DiNGELL.  I  think  you  make  a  very  good  point. 

Mr.  Hunt.  If  I  may  continue  just  for  one  more  point. 

It  occurs  to  me  that,  and  perhaps  this  is  stepping  outside  of  existing 
jurisdictional  bounds,  but  that  the  Congress,  it  would  seem  to  me, 
which  in  toto  has  a  greater  longevity  and  better  time  perspective 
than  the  executive  branch,  should  manage  this  coordination  function 
themselves. 
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The  President  is  limited  to  two  terms  within  the  executive  branch, 
but  the  Congress  itself  has  a  more  distant  time  horizon  than  I  believe 
the  executive  branch  does. 

It  would  seem  appropriate  that  such  a  planning  agency  work 
through  the  Congress  as  opposed  to  working  through  the  Executive, 

Mr.  DixGELL.  Mr.  Hunt,  we  are  always  hapi^y  to  hear  that  the  Con- 
gress should  do  these  things.  I  think  this  is  our  constitutional  function. 

Dr.  Meadows  ? 

Dr.  Meadows.  It  might  be  useful  to  offer  a  set  of  concrete  statements 
that  describe  the  i^rocess  of  planning  and  illustrate  the  factors  in- 
volved if  we  should  begin  to  base  some  of  our  decisions  on  the  outputs 
of  explicit  planning. 

Our  political  and  economic  institutions  already  make  decisions. 
Those  decisions  have  to  be  based  at  least  iuiplicitly  on  some  assump- 
tions about  the  long  term.  If  we  do  not  plan  explicitly,  our  decisions 
are  based  implicitly  on  very  simple  projections.  These  forecasts  are 
essentially  that  our  goals  and  resources  tomorrow  will  be  more  or 
less  like  those  today.  That  image  of  the  future  may  be  the  only  one 
we  know  to  be  false.  While  we  cannot  predict  the  future  precisely, 
the  more  explicit  approach  to  forecasting  and  planning  could  hardly 
help  but  improve  over  the  current  situation. 

Planning  is,  first  of  all,  a  process  that  involves  identifying  potential 
future  problem  areas;  for  example  it  may  concern  the  availability 
of  energy  over  the  next  30  years.  Then  one  must  gather  data  on 
society's  values,  resources,  technical  capabilities,  physical  limits,  and  so 
forth.' 

The  third  step  in  planning  involves  analyzing  those  data  to  under- 
stand what  the  range  of  feasible  outcomes  actually  are.  The  first  three 
steps  in  the  planning  process  involve  operations  of  tasks  we  have  been 
dealing  with  that  could  be  delesfaied  to  some  national  institution. 

Having  determined  the  feasiblt;  possibilities  over  the  timespan  of 
interest,  it  then  becomes  necessary  to  choose  which  of  those  are 
most  in  consonance  with  our  underlying  goals.  That  choice  is  a  func- 
tion which  is  political  in  nature  and  which  cannot  therefore  be  dele- 
gated to  a  group  of  scientists  or  computer  programers  outside  the 
mainstream  of  our  political  system.  Choice  of  that  sort  is  the  specific 
obiective  and  responsibility  of  the  Congress. 

Having  made  that  choice,  perhaps  through  consultation  with  the 
executive  branch,  it  then  becomes  necessary  to  put  into  place  those 
institutions,  those  laws,  those  executive  practices,  those  standards 
which  will  move  us  toward  the  alternative  Ave  have  chosen.  That  is 
the  function  of  the  legislative  and  executive  branches. 

Our  Government  already  performs  each  of  these  operations  at  least 
in  a  rudimentary  and  uncoordinated  fashion.  The  difficulty  is  that 
it  is  often  done  under  extreme  time  pressures  by  people  preoccupied 
with  only  certain  salient  aspects  of  the  total  problem  and  in  an  en- 
vironment where  it  is  very  difficult  to  identify  all  of  the  alternatives. 

These  early  stages  of  problem  identification,  data  gathering,  and 
analysis  should  be  done  in  a  manner  which  makes  the  result  highly 
accessible  to  those  concerned.  It  should  be  done  in  an  environment 
which  leaves  some  time  for  creative  thinking  and  for  checking  the 
accuracy  of  all  the  factors  that  are  taken  into  account. 
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I  do  not  loiow  of  an  institution  available  to  Conofress  on  a  full-time 
basis  that  can  provide  those  three  inputs  from  problem  identification, 
data  acquisition,  and  analysis  systematically  for  the  broad  range  of 
issues  on  which  you  have  to  decide.  Your  overburdened  staffs  and 
special-interest  groups,  and  the  current  sources  for  those  first  three 
products  of  planning,  our  country  needs,  deserves,  and  can  obtain 
much  better  analysis  than  is  currently  available.  There  are  already 
models  abroad  of  institutions  that  could  be  adapted  to  our  needs  to 
provide  a  much  more  useful  basis  for  the  kind  of  decisionmaking  with 
which  you  are  faced. 

Mr.  DixGELL.  Of  course,  Doctor,  is  not  the  last  problem  you  have 
alluded  to  one  of  the  major  problems  with  which  we  are  beset;  and 
that  is  the  incapability  of  deriving  information  into  digestible  form 
upon  which  you  may  rationally  not  only  begin  the  decisionmaking 
process;  but,  equally  important,  begin  to  understand  and  appreciate 
the  questions — not  the  answers,  but  the  questions — to  be  answered  to 
get  the  answers  and  also  to  arrive  at  an  institutionalized  type  of  deci- 
sionmaking and  problem  solving  ? 

Dr.  Meadows.  Nothing  we  have  discussed  today  is  easy.  However, 
to  say  that  something  is  difficult  is  not  to  imply  that  it  is  unimportant. 
In  fact,  the  contrary  is  often  true. 

Mr.  DixGELL.  Is  not  really  our  first  step  legislatively  in  the  Congress 
to  begin  to  furnish  ourselves  and  the  Executive  with  the  mechanism 
for  getting  and  analyzing  th£  information  we  have  available  as  a  stride 
toward  arriving  at  an  appreciation  of  what  the  questions  are,  how  we 
get  the  answers,  what  the  institutional-type  decisionmaking  devices 
happen  to  be  ?  But  in  this  area  I  have  a  feeling  we  do  not  loiow  what 
the  questions  are ;  much  less  what  the  answers  are. 

Dr.  Meadows.  We  have  identified  a  number  of  critical  questions 
today.'  Many  of  them  are  not  being  addressed  in  an  effective  way  by 
anybody  now  in  our  National  Government.  While  there  is  not  yet  a 
full  appreciation  of  all  the  issues  involved  in  growth,  there  are  already 
many  questions  that  could  be  addressed. 

We  will  never  completely  solve  all  of  the  U.S.  problems.  We  are  in 
a  dynamic  situation,  our  goals,  our  capabilities,  and  our  resources  are 
continually  evolving.  But  in  each  area  of  the  problems  cited  today  we 
could  now  with  established  data,  current  theory,  and  available  tech- 
niques make  very  substantial  progress.  It  would  require  only  that  Ave 
spend  a  relatively  small  amount  of  money  addressing  these  longer 
term  issues. 

We  spend  something  like  $70  billion  a  year  in  this  country  on  na- 
tional defense.  What  is  the  justification  for  that?  Well,  so  far  as  I 
can  understand  it,  we  have  a  national  defense  establishment  so  that 
we  will  be  free  at  all  points  in  time  to  i^ursue  our  national  goals  even 
when  those  goals  conflict  with  the  objectives  of  other  countries.  If  we 
sj^end  $70  billion  a  year  to  pursue  our  national  goals,  how  much  should 
we  spend  trying  to  identify  what  those  goals  actually  are? 

Whatever  the  figure  should  be,  it's  a  fact  that  less  than  a  thousandth 
of  what  we  spend  on  defense  is  available  for  systematic  analyses  oi 
what  our  long-term  goals  might  actually  be. 

There  is  simply  no  consistent,  generally  shared  image  of  the  long- 
term  future  of  this  country.  Each  executive  department  may  budget 
5  years  ahead,  but  many  independent  budgets,  when  combined,  do  not 
form  a  consistent  image  of  Avhere  the  country  is  headed. 
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Mr.  DiNGELL.  Dr.  Frosoh  ? 

Dr.  Frosch.  I  would  like  tx)  add  a  kind  of  institutional  procedural 
point  to  this. 

The  idea  of  an  analytical  group  that  will  go  off  and  produce  a  set 
of  choices  which  will  then  be  brought  before  the  Congress  to  'be  acted 
on  subsequently  by  the  political  process — judging  from  my  experience 
with  that  kind  of  analytical  group — is  almost  certain  to  be  a  failure. 
It  will  be  a  failure  because  the  group  itself  cannot  analyze  everything; 
it  will  have  to  make  some  choices  as  to  what  it  analyzes  and  what  the 
objectives  will  be.  They  are  likely  to  get  devoted  to  some  particular 
direction  that  they  think  up  themselves,  so  that  almost  inevitably  when 
the  results  of  sucli  a  group  come  before  the  political  process  there  is 
a  certain  amount  of  "pick  a  card,  any  card,"  but  the  card  is  being 
forced  on  you  if  you  are  not  careful. 

Unless  the  political  decisionmakers  are  somehow  involved  with 
the  group  of  analysts  over  the  period  of  time  in  which  they  are 
defining  what  the  meaning  of  the  problem  is,  and  what  the  alterna- 
tives are,  and  even  to  some  extent  how  the  alternatives  are  to  be 
treated,  then  the  planning  process  would  assume  too  much  of  the 
role  the  political  part  of  the  process  and  may  not  be  very  helpful. 

Whether  it  is  the  Executive  or  the  Legislative  that  is  to  use  the 
results  of  planning,  it  will  have  to  be  a  part  of  the  process  from  the 
beginning,  or  you  will  too  frequently  dis^cover  that  the  problem  that 
was  analyzed  was  not  really  the  problem  that  you  thought  you  wanted 
to  have  looked  at,  or  that  there  are  alternatives  that  are  obvious  from 
the  political  vantage  point  that  were  not  included  in  that  analysis. 

There  is  a  continuing  realism  that  is  required  by  this  process  that 
I  think  can  be  provided,  and  I  think  it  is  an  important  part  of  the 
process. 

Mr.  Salter.  There  is  one  such  institution,  the  National  Commis- 
sion that  has  been  used  for  joint  congressional  administrative 
analysis. 

For  a  variety  of  reasons  their  reports,  as  Congressman  McCloskey 
pointed  out  this  morning  and  Senator  Kennedy  pointed  out  a  cmiple 
of  years  ago  in  hearings,  are  treated  like  a  bunch  of  jimminy-crickets 
chirping  in  the  ears  of  deaf  people,  both  public  officials  and  the  public 
at  large. 

We  come  right  back  again  to  the  issue  of  how  is  it  that  you  com- 
municate these  concerns. 

I  guess  I  would  argue  that  something  like  a  commission  makes  sense, 
but  with  an  ongoing  life.  Commissions  are  short  run  and  have  limita- 
tions because  of  that.  But  with  continuing  input  from  Congress  and 
from  the  Executive,  and  if  enough  teeth  and  enough  responsibility 
were  built  in  so  that  its  reports  and  the  alternatives  put  forth  were 
responded  to  instead  of  ignored,  then  it  could  serve  a  useful  function. 

I  think  in  looking  for  examples  in  other  countries,  it  is  important 
to  think  about  one  fundamental  constraint  on  planning  in  this  coun- 
try. That  is,  that  this  is  not  a  homogenous  society  and  the  conflict 
between  the  need  to  do  better  planning  and  the  groups  in  our  society 
clamoring  for  greater  participation  has  by  no  means  been  resolved. 
And  it  is  a  dilemma  that  has  to  be  taken  account  of  as  any  mechanism 
for  planning  is  discussed. 
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More  than  how  we  analyze  data  is  at  stake.  We  must  ask  how  we 
set  our  goals,  how  we  decide  what  ends  tliere  are  worth  pursuing  by 
whatever  policy  means.  As  we  approach  the  200th  anniversary  of  the 
Republic,  we  still  liave  not  dealt  with  this  very  well. 

:Mr.  DiNGELL.  Mr.  Mills  ? 

Mr.  Mills.  I  have  no  questions,  Mr.  Chairman.  Thank  you. 

Mr.  DiNGELL.  Mr.  Rountree  ? 

Mr.  RouxTREE.  Essentially  what  I  think  we  have  been  saying  for  the 
last  few  minutes  is  that  what  is  one  man's  fact  is  another  man's  fancy. 

A^Hiat  one  man  believes  is  a  logical  choice,  another  man  may  oppose 
as  being  the  Avorst  possible  choice  and  what  you  are  saying  is  that 
existing  institutions  do  not  have  the  capability  to,  in  a  cohesive  fashion, 
reach  a  decision  in  setting  long-term  goals,  objectives,  and  then  trans- 
late these  into  positive  action. 

Thank  you,  Mr.  Chairman. 

Mr.  DiXGELL.  Dr.  Meadows  ? 

Dr.  Meadows.  Responding  to  Mr.  Rountree's  point  we  should  recog- 
nize that  there  are  immediate  and  concrete  problems  that  demand  our 
movement  toward  longer-term  plans. 

I  will  describe  three  for  you.  I  recently  spent  some  time  with  a  senior 
official  from  the  Economic  Ministry  of  Japan.  He  expressed  a  strong 
desire  on  the  part  of  his  country  to  participate  in  discussions  with  the 
United  States  and  other  countries  about  longer  term  resource  imports. 

Japan  is  highly  dependent  on  materials  from  abroad.  Europe  and 
the  United  States  are  growing  increasingly  dependent  on  imports. 
Without  much  imagination  we  can  look  forward  to  a  period  when  the 
United  States,  Western  Europe,  and  all  other  industrialized  countries, 
save  the  Soviet  Union,  are  competing  for  common  resources.  It  seems 
to  any  rational  individual,  any  rational  country,  that  it  should  be  pos- 
sible to  sit  down  together,  to  find  common  objectives,  and  to  serve 
those  objectives  through  agreements  and  the  development  of  new 
technologies. 

I  asked  my  Japanese  friend  how  it  would  be  possible  for  the  United 
States,  with  an  effective  planning  horizon  of  2  or  3  years,  to  find 
common  goals  with  Japan  which  now  has  a  rather  well-developed  20- 
to  30-year  plan  for  securing  resources. 

I  am  sure  each  of  us  has  had  the  frustration  of  trying  to  reason  with 
a  child  who  has  focused  his  energies  on  securing  the  satisfaction  of 
some  short-term  need.  If  I  were  approaching  resource  conversations 
from  the  perspective  of  Japan,  I  would  feel  very  much  like  an  adult 
who  is  willing  to  defer  short-term  gratification  to  assure  something 
more  enduring  in  the  future,  but  who  is  negotiating  with  a  child  inter- 
ested only  in  the  present.  Of  course,  this  problem  is  much  more  serious 
than  the  conversations  with  a  child.  Over  the  next  5  to  10  years  we 
will  establish  patterns  of  resource  use  that  will  dominate  the  globe  over 
the  next  several  decades.  I  am  very  pessimistic  under  the  current  cir- 
cumstances that  those  patterns  will  be  established  in  a  way  conducive 
to  the  orderly  eA'olution  of  our  economy. 

Lester  Brown  pointed  out  the  impending  Law  of  the  Sea  Conference. 
It  is  manifestely  in  our  best  national  interest  over  the  short  term  to 
avoid  any  kind  of  commitment  to  other  countries  on  utilization  of  fish 
resources.  Over  the  next  year  or  so  we  are  likely  to  have  more  fish  avail- 
able to  us  if  we  avoid  anv  kind  of  conservative  measures  entered  into 
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with  other  countries.  It  is  only  when  we  adopt  a  5-,  10-,  or  15-year  per- 
spective that  it  becomes  in  our  best  interest  to  sacrifice  short-term 
harvests  for  the  longer  term  stability  of  that  important  source  of 
protein. 

We  are  going  into  negotiations  now  with  Europe  on  fundamental 
issues  of  trade  and  resources,  food,  and  so  forth.  Again,  I  see  almost  no 
hope  whatsoever  of  emerging  from  those  negotiations  with  any  con- 
structive agreements  based  on  long-term  interest  of  both  sides  unless 
we  have  some  mechanism  for  placing  our  trade  in  the  context  of  a  plan 
for  the  evolution  of  our  economy  over  the  next  10  or  20  years. 

Those  are  just  three  of  the  concrete  issues  that  we  will  face  over  the 
next  year.  For  each  of  them  we  definitely  need  the  inputs  which  will 
only  be  available  from  a  longer  term  planning  process. 

Mr.  DiNGELL.  Of  course,  I  would  like  to  address  this  problem  from 
two  standpoints. 

As  you  are  aware  it  has  been  this  subcommittee  I  suspect  more  than 
any  other  in  the  Congress  which  has  tried  to  devote  itself  to  a  rational- 
ization of  the  problem  and  to  the  direction  of  seeing  to  it  that  we  have 
the  mechanism  that  would  provide  us  with  the  information  and  the 
data  in  a  systemized,  understandable,  usable  form  upon  which  these 
long-term  resource  environmental  and  if  you  wish,  economic  judg- 
ments could  be  made. 

It  has  been  this  subcommittee  again  which  has  moved  toward  even 
a  modest  kind  of  internal  restructuring  inside  the  Congress  towards 
this  end  with  modest  successes  and  I  suspect  modest  failure. 

But  the  problem  that  really  concerns  me  here  is  what  perhaps  are 
the  mechanisms  in  the  institutions  which  we  will  ultimately  have  to 
evolve  to  accomplish  the  kind  of  long-term  resource  management, 
resource  utilization,  the  economic  devices  that  you  have  been  address- 
ing yourselves  to  now.  Dr.  Meadows. 

Dr.  Meadows.  My  answer  will  be  brief  because  I  suspect  t^hat  others 
on  the  panel  have  a  better  basis  for  response  to  that  question.  I  think 
we  must  frankly  admit  that  we  do  not  fully  know  how  to  answer  your 
question.  At  the  moment  we  can  only  perceive  components  of  the  solu- 
tion. But  those  components  are  sufficient  already  to  make  possible 
some  bold  and  useful  new  initiatives. 

I  could  conceive  of  an  analytical  staff  funded  by  the  Congress  and 
given  responsibility  to  address  issues  of  a  broad  social  concern  must 
be  faced  over  the  next  5  to  15  years. 

It  is  easy  enough  to  identify  in  transportation,  the  environment, 
energy,  cities,  land  use,  income  distribution  and  manv  other  areas, 
factors  which  will  continue  to  orenerate  short-term  pressures  and  crises 
that  will  be  called  to  the  attention  of  Congress. 

An  analvtical  staff  somewhat  dissociated  from  the  short-term  pres- 
sures but  funded  on  the  basis  of  its  long-term  utility  could  substan- 
tially enhance  Congress  ability  to  respond  to  these  problems. 

Mr.  DiNGELL.  Dr.  Frosch  ? 

Dr.  Frosch.  Well,  I  think  I  would  like  to  go  back  to  a  slightly 
broader  philosophical  point  that  has  been  bothering  me  through  this 
whole  thing. 

What  we  are  really  saying  is  that  somehow  if  we  take  a  broad  enough 
look  we  will  have  some  kind  of  capability  to  predict  the  future  and 
construct  some  kind  of  plan  that  we  can  then  carry  through: 
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I  am  a  little  worried  about  the  loss  of  the  word  and  of  a  measure  of 
flexibility. 

Our  history  of  capability  to  do  any  long-term  or  even  short-term 
prediction  is  poor ;  I  think  it  is  poor  for  good  reasons.  Therefore,  any- 
thing we  propose  to  carry  out  had  better  be  such  that  it  is  capable  of 
change,  that  it  is  resilient,  and  that  we  intend  to  change  it  as  cir- 
cumstances change  throughout. 

Again,  I  think  that  has  to  be  reflected  in  the  institutional  arrange- 
ments that  one  sets  up. 

I  am  not  sure  that  it  is  completely  bad  that  we  tend  to  react  on  a 
short-term  basis  and  I  am  not  sure  that  we  are  completely  lacking  in 
long-term  perspective  even  though  it  is  not  as  explicit  as  it  might  be. 

Certainly,  in  the  context  of  the  defense  planning  which  was  referred 
to,  there  have  been  continuous  attempts  over  the  past  decade  to  base 
it  on  long-term  perspectives,  and  it  has  become  perfectly  clear  that 
there  are  not  only  long-term  perspectives,  or  at  least  that  every  one 
that  has  been  chosen  has  turned  out  to  be  wrong  very  shortly  there- 
after. Fortunately,  in  most  of  those  areas  we  have  not  succeeded  in 
basing  our  planning  on  long-term  perspective  or  we  would  have  been 
turning  up  half-built  things  every  instant.  We  have,  in  fact,  had  to 
do  a  good  deal  of  that  nationally. 

The  question  I  have  is,  how  can  one  engage  in  a  rational  planning 
exercise — and  I  think  you  must  engage  in  one — without  losing  a  lot 
of  resiliency  in  the  actual  plan  and  in  the  carrying  out  of  the  plan. 

Mr.  DiNGELL.  Dr.  Meadows,  I  think  you  wanted  to  respond  and  then 
Mr.  Heller. 

Dr.  Meadows.  Dr.  Frosch's  concern  for  flexibility  is  one  which  I 
would  strongly  support.  However,  I  would  not  leave  unchallenged  the 
implication  that  the  current  system  is  somehow  perfectly  flexible. 

One  needs  only  to  look  at  our  response  to  the  energy  crisis  for  ex- 
ample to  perceive  the  awful  inflexibility  and  lethargy  of  our  economic 
ancl  political  institutions. 

Mr.  DixGELL.  Excuse  me.  Dr.  Frosch  is  in  agreement  with  you. 

Dr.  Frosch.  No,  I  do  not  think  the  current  system  is  flexible,  but  I 
am  worried  about  some  of  the  propositions  that  I  have  heard,  which 
sound  as  if  they  might  make  it  worse  and  not  better. 

It  is  possible  to  make  it  better,  but  whether  it  will  automatically 
work  out  that  way,  I  am  not  sure. 

Dr.  Meadows.  Well,  it  is  possible  to  employ  any  tool  of  man  so  that 
it  serves  narrow  interests  or  worsens  the  general  situation  of  society. 
My  assumption  has  always  been  that  if  we  manage  our  affairs  more 
explicitly — that  is  to  sav,  bv  laving  out  our  assumptions  where  they 
are  subject  to  the  scrutiny  of  others — we  are  likely  to  improve  on  the 
process. 

Everywhere  I  look  at  our  response  to  urban  deterioration,  crime, 
drugs,  to  the  energy  crisis  I  see  evidence  of  gross  riafidity  and  short- 
sightedness. Look  at  transportation.  How  much  flexibility  do  we  seem 
to  exhibit  under  the  current  free  market  in  response  to  the  problems 
caused  by  cars  ? 

Mr.  DiNGELL.  The  Chair  observes  that  we  do  not  even  have  a  mass 
transit  svstem  in  this  country. 

Dr.  Meadows.  It  would  be  very  easy  to  improve  the  responsiveness  of 
our  institutions. 
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Mr.  DiNGELL.  Mr.  Heller  ? 

Mr.  Heller.  Mr.  Chairman,  I  would  like  to  be  quite  specific  about 
what  I  would  like  to  see  in  the  way  of  institutions,  not  in  complete 
form,  but  I  would  like  to  see  a  national  planning  responsibility  in  the 
Executi^^e  branch.  I  would  like  to  see  broad  responsibility  given  there.  I 
would  like  to  see  an  annual  publication  or  expression  by  that  council 
or  agency  of  national  planning  policies  or  goals. 

I  would  like  to  see  the  annual  budget  reflect  those  policies,  and  I 
would  like  to  see  the  Federal  budqfet  analyzed  from  that  standpoint. 
There  are  advantages  in  such  a  visible  procedure. 

After  all,  we  now  have  the  Office  of  INIanagement  and  Budget  which 
I  suppose  with  the  White  House  staff  is  the  national  planning  agency, 
but  it  is  not  a  very  visible  agency. 

The  Director  of  the  Office  of  Management  and  Budget  is  not  even 
confirmed  by  the  Senate. 

Mr.  Dtngell.  You  will  be  interested  to  know  that  that  was  a  subject 
of  debate  on  the  floor  today. 

Mr.  Heller.  How  did  it  come  out  ? 

Mr.  DiNGELL.  I  understand  that  the  President  will  have  before  him 
the  question  of  signing  or  not  signing  the  bill  to  confirm  the  Director 
and  the  Assistant  Director  of  OMB.  I  will  be  interested  in  seeing 
whether  he  signs  it. 

Mr.  Hei^ler.  Well,  I  think  this  does  go  to  the  issue  of  invisibility  and 
non  re  sp  onsi  ve  ness. 

I  feel  that  the  planning  responsibility  in  the  Executive  branch  could 
involve  the  commissioning  of  the  types  of  studies  that  we  have  been 
talking  about,  and  I  furthermore  think  that  the  national  planning 
agency  or  council  at  the  Executive  branch,  perhaps  presided  over  by 
the  President,  could  well  make  its  findings  and  its  studies  available  to 
the  legislative  as  well  as  the  Executive  branch. 

This  kind  of  institutional  arrangement  does  not  solve  all  problems 
but  it  begins  to  get  to  the  need  for  an  across-the-board,  open  approach 
to  some  important  ones. 

It  would  not  in  any  way  preclude  Congress  from  commissioning 
studies  or  creating  institutes  to  help  in  its  decisionmaking  respon- 
sibilities. 

Mr.  Hunt.  I  will  pass  at  this  point.  My  points  have  been  covered  by 
Dr.  Meadows. 

Mr.  Potter.  The  witching  hour  is  upon  us,  and  the  hearings  are 
about  to  close  up. 

I  would  like  to  ask  the  members  of  the  panel  if  we  can  use  your  serv- 
ices to  help  us  structure  the  next  inquiry  that  the  committee  is  going 
to  have  to  take  in  order  to  come  to  grips  with  this  problem. 

I  would  expect  that  if  we  can  get  the  transcripts  back  from  3/ou  soon, 
and  I  ask  that  you  expedite  your  review  of  those  transcripts,  that  we 
can  have  these  hearin2:s  possibly  out  within  a  month  or  a  month  and  a 
half.  That  is  remarkably  fast,  but  I  hope  we  can  do  it. 

We  will  be  in  touch  with  you  and  send  you  some  more  materials. 

We  have  already  sent  you  a  summary  of  issues  that  we  think  might 
be  appropriate  for  the  later  hearings,  and  questions  that  ought  to  be 
addressed  within  those  issues,  and  we  would  ask  that  you  take  a  look 
at  those  and  correct  them  and  make  any  suggestions  that  seem  appro- 
priate in  areas  of  your  expertise  or  interest.  We  also  ask  that  you  make 
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some  siifrgestions  as  to  people  that  we  might  contact  for  more  extended 
hearings  later  in  the  fall.  We  Avill  do  till  this  fairly  soon. 

If  we  can  use  you,  I  can  assure  you  that  your  help  will  not  only  be 
useful,  it  will  be  essential  if  we  are  to  come  out  of  this  with  the  kind 
of  output  that  I  think  we  can  produce  and  that  you  have,  in  fact  been 
demanding  that  we  do. 

That  is  all  I  have. 

Mr.  DiNGELL.  Mr.  Mills  ? 

Mr.  Mills.  Nothing  else. 

Mr.  DiNGELL.  Gentlemen,  the  Chair  thanks  you  for  your  patience, 
your  attendance,  and  for  your  very  helpful  testimony. 

The  Chair  does  reiterate  the  request  made  by  our  counsel,  Mr.  Potter. 

The  Chair  does  advise  that  we  will  keep  the  record  open  for  a  rea- 
sonable period  during  which  it  is  the  hope  and  the  intention  of  the 
Chair  that  each  of  you  and  that  other  interested  citizens  should  have 
an  opportunity  to  make  submissions  and  suggestions  with  regard  to 
the  contents  of  the  hearings  today  and  also  with  regard  to  the  future 
activities  of  this  committee  in  this  area  as  may  be  appropriate. 

The  Chair  does  advise  that  we  would  very  much  look  to  each  of  you 
because  of  your  high  expertise  in  this  area  to  give  us  your  counsel  as 
to  further  activities  by  this  committee  in  this  area. 

The  Chair  is,  as  you  know,  much  apprehensive  of  the  failure  to 
ignore  the  problems  of  growth,  the  bounds  of  growth,  and  so  forth. 

In  the  past  weeks,  the  committee  staff  has  prepared  a  series  of  ques- 
tions dealing  with  a  number  of  growth-oriented  issues.  Last  week,  a 
revised  version  of  this  request  was  mailed  to  each  of  today's  panelists, 
and  we  are  asking  them  to  review  this  and  to  suggest  ways  in  which 
these  questions  may  be  best  explored.  Without  objection,  this  material 
will  be  included  in  the  record  at  this  point. 

[The  document  follows :] 

Relevant   Growth   Issues 

Prophets  of  catastrophe,  their  critics  and  basic  governmental  issues 

Limits  to  growth ; 

International  issues,  including  development  of  third  world ; 

National  issues ;  and 

State  and  local  issues,  including  inner-city  problems. 

Basic  parameters  of  growth  and  technical  considerations 

Population  increase ; 

Economic  growth ; 

Resource  scarcity ; 

Environmental  pollution ; 

Land  use ;  and 

Adjustment  mechanisms :  market  system  and  the  "technological  fix," 

Outlook  for  Government  action 

Treatment  of  growth  issues  by  executive  branch  ;  and 
Implications  of  growth  for  Congress  and  for  the  committee. 

Limits  to  Growth 

What  are  the  constraints  to  growth  on  a  worldwide  scale?  What  are  the  costs 
of  continued  growth,  and  what  are  the  costs  of  constrained  growth?  What  are 
the  short-  and  long-term  implications  of  present  growth  trends  and  of  constrained 
growth? 
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DISCUSSION 

The  publication  of  Limits  to  Growth  by  the  Club  of  Rome  and  the  publica- 
tion of  "Blueprint  for  Survival"  in  Great  Britain  reopened  the  debate  on  the 
degree  to  which  economic  growth  and  population  increase  are  sustainable  given 
the  limitations  of  finite  resource  availability  and  finite  capacity  of  the  biosphere 
to  dispense  pollution.  Both  documents  point  toward  catastrophe  if  growth  is  not 
limited  soon. 

Critics  of  these  antigrowth  spokesmen  question  the  assumptions  upon  which 
the  predictions  of  doom  are  based  and  point  to  the  history  of  unrealized  eschato- 
logical  predictions  as  well  as  to  the  weakness  of  the  predictive  models  themselves. 
Critics  point  to  technological  advances  and  the  market  system  as  factors  making 
adjustment  to  changing  resource  availabilities  less  diflBcult. 

The  issues  raised  both  by  the  prophets  and  their  critics  are  worthy  of  atten- 
tion because  of  their  implications  for  public  policy  at  all  levels  of  government. 

ISSUES    FOR    CONSIDERATION 

(1)  What  is  to  be  included  under  the  rubric  "growth"?  Economic  productivity? 
population?  technological  capability?  standards  of  living? 

(2)  To  what  extent  is  growth  sensitive  to  public  policy  changes? 

(3)  Assuming  that  the  earth  has  finite  capacities,  what  happens  as  the  limits 
of  those  capacities  are  approached?  Does  precipitous  decline  result — as  the 
authors  of  "Limits"  assume — or  will  there  be  smooth,  gradual  adaptation  of 
social  systems  ?  ( See  discussion  of  market  mechanisms  and  technologic  advance. ) 

(4)  Are  the  problems  described  by  "Limits"  real  and  pressing,  and  if  so  what  is 
the  degree  of  their  immediacy  ? 

International  Issues 

Economic  growth,  population  growth,  and  the  issues  which  surround  them  are 
of  critical  importance  to  both  developed  and  underdeveloped  nations.  Attitudes 
toward  growth  and  toward  the  relative  demand  for  resources  among  the  devel- 
oped and  underdeveloped  nations  differ  considerably.  What  are  the  implications 
of  growth  patterns  around  the  world  for  U.S.  policy? 

DISCUSSION 

For  years  growth,  especially  economic  growth,  has  been  the  aim  of  most  nations 
of  the  world.  Only  recently  has  it  been  seriously  questioned.  Developed  nations 
aimed  at  growth  to  maintain  or  raise  their  already  relatively  high  standards 
of  living,  and  underdeveloped  nations  aimed  at  growth  in  order  to  survive. 
Booming  increases  in  population,  especially  in  the  underdeveloped  nations  of 
the  Third  World,  continue  to  reinforce  the  need  for  economic  growth. 

As  world  resources  become  more  heavily  burdened,  the  differences  in  demands 
placed  on  resources  by  the  different  nations  will  raise  the  already  visible  question 
of  equity.  Are  some  nations  placing  unjustifiably  high  demands  on  resources  at 
the  expense  of  others  ? 

issues    for    CONSIDERATION 

(1)  Do  developing  nations  have  any  choice  other  than  seeking  to  increase  their 
rates  of  growth  ? 

(2)  Are  developing  nations  receiving  fair  prices  for  their  raw  materials? 

(3)  What  are  the  international  implications  of  increasing  demands  for  energy? 
Is  the  current  U.S.  energy  problem  strictly  a  national  problem? 

(4)  What  are  the  implications  of  multinational  corporations  on  worldwide 
rates  of  growth  as  well  as  on  growth  rate  differentials  among  the  nations? 

(5)  What  international  organizations  have  studied  and  made  recommendations 
on  growth  problems?  What  have  their  findings  and  recommendations  been,  and 
what  are  the  implications  of  their  work  for  U.S.  policy? 

(6)  What  is  the  status  of  international  cooperation  to  deal  with  pollution 
problems  ? 

(7)  What  are  the  implications  of  international  growth  problems  for  U.S.  na- 
tional defense  and  security  ? 
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National  Issues 

Is  a  national  growth  policy  for  the  United  States  desirable,  and  what  is 
involved  in  the  formulation  of  such  a  policy?  What  should  be  the  content  of 
such  a  policy  and  how  it  could  be  implemented  ? 

DISCUSSION 

For  a  number  of  years  writers  from  a  variety  of  fields  have  been  calling  for 
the  development  of  a  national  policy  on  growth.  These  calls  have  been  made 
in  several  different  contexts.  Some  have  been  aimed  at  economic  growth,  some  at 
urban  and  some  at  population  growth.  Calls  for  a  growth  policy  have  reflected 
attitudes  for  and  against  growth,  or  they  have  called  for  more  rational  accom- 
modation of  growth. 

Early  on  there  were  calls  for  growth  into  the  western  lands.  Later  there  were 
calls  for  policy  to  increase  the  rate  of  national  economic  growth,  to  stimulate 
growth  in  the  depressed  regions  of  the  country.  During  the  late  sixties  there 
developed  calls  for  a  national  urban  growth  policy — calls  which  eventually 
resulted  in  the  Urban  Growth  and  New  Community  Development  Act  of  1970 
(title  VII  of  the  1970  HUD  act).  More  recently  there  have  been  calls  for  na- 
tional policy  to  constrain  economic  growth  and  population  increase  in  order  to 
conserve  scarce  natural  resources  and  to  protect  the  environment. 

The  development  of  national  growth  policy  has  implications  at  all  levels  of 
government  and  for  a  variety  of  interests. 

ISSUES  FOR  CONSIDERATION 

(1)  What  should  a  national  growth  policy  seek  to  achieve,  how  should  it  be 
formulated,  and  who  should  play  key  roles  in  the  formulation? 

(2)  What  impact  could  we  expect  a  national  growth  policy  or  the  lack  of  a 
national  growth  i>olicy  to  have?  What  implementation  mechanisms  exist? 

(3)  AVhat  are  the  implications  of  plausible  alternate  growth  policies  for 
trade  deficits,  economic  stability,  full  employment,  industrial  planning,  tax 
policies,  population  increase  and  migration,  environmental  protection  and  re- 
source planning,  urban  development  patterns? 

(4)  How  are  Federal  policies  affecting  growth  at  present?  How  can  changes 
in  these  policies  be  expected  to  affect  growth  in  the  future? 

(5)  How  will  environmental  legislation  such  as  air  and  water  bills  probably 
affect  growth? 

(6)  What  are  appropriate  congressional  responses  to  calls  for  the  develop- 
ment of  a  national  growth  policy? 

State  and  Local  Issues 

How  are  State  and  local  governments  and  interests  related  to  national  growth 
issues?  To  what  extent  should  national  policy  be  an  aggregation  of  .'jtate  and 
local  ("bottom-up")  policy — as  opposed  to  a  centrally  determined  ("top-down"') 
policy  ? 

discussion 

Whether  growth  policy  is  to  be  left  in  the  hands  of  State  and  local  govern- 
ments or  dominated  by  the  Federal  Government  is  a  major  question.  (At  least 
one  bill  was  introdirce<l  in  the  92d  Congress  to  establish  a  federal  agency  charged 
with  national  growth  policy  planning,  and  national  land  use  policy  bills,  which 
have  major  growth  implications,  received  extensive  consideration  during  the 
92d  Congress.  Several  bills  have  also  been  introduced  during  the  93d  Congress). 
The  answer  to  the  question  \^ill  be  determined  in  large  measure  by  intergovern- 
mental structures  established  both  by  the  Constitution  and  by  practice.  Political 
pressures  at  the  various  levels  of  the  federal  system  will  also  influence  the  out- 
come of  the  question — even  if  it  happens  that  the  question  is  left  unanswered. 

Some  efforts  are  being  made  now  to  implement  State  and  local  growth  policy 
decisions.  Oregon,  for  example,  has  shown  interest  in  limiting  its  population 
growth  and  a  number  of  localities  around  the  country  have  curtailed  some  forms 
of  new  construction  in  order  to  limit  growth.  Some  of  these  local  decisions  have 
been  the  result  of  conscious  growth-limitation  policies,  and  others  have  been  in 
response  to  the  overburdening  of  public  facilities  such  as  sewage  plants.  In  some 


95-852    O  -  73 


54 

cases  growth  limitation  policies  have  been  labeled  subterfuges  to  avoid  the  con- 
struction of  low-and  moderate-income  housing  in  local  jurisdictions. 

On  the  other  hand,  many  jurisdictions  resist  the  notion  of  growth  limitations 
because  of  business  or  tax  considerations  or  because  of  being  economically  de- 
pressed for  one  reason  or  another. 

ISSUES   FOR   CONSIDERATION 

(1)  What  is  the  difference  between  orderly  and  disorderly  growth,  and  to 
what  extent  is  such  growth  a  State  or  local  policy  concern? 

(2)  How  does  Federal  activity  influence  growth  at  the  State  and  local  levels? 

(3)  How  would  growth  policy  be  related  to  local  and  State  fiscal  affairs  and 
to  the  fiscal  disparities  among  jurisdictions  within  metropolitan  areas? 

(4)  Can  or  should  a  national  growth  policj'  address  itself  to  local  urban  con- 
ditions such  as  central  citv  decline,  renewal,  housing  problems,  poverty  and  the 
like? 

(5)  Is  governance  at  the  metropolitan  level  important  in  the  formulation  of 
implementation  of  growth  policy?  What  kinds  of  environmental  considerations 
can  or  ought  to  be  delt  with  at  the  metropolitan  level?  What  is  the  role  of  State 
governments  in  metroiwlitan  area  affairs? 

(6)  How  can  growth  decisions  at  the  State  and  local  level  be  expected  to  im- 
pact resource  use  (including  land  use),  and  pollution  generation?  Is  there  a 
federal  interest  which  is  affected  by  these  state  and  local  decisions? 

(7)  How  do  state  and  local  growth  decisions  influence  land,  marine,  and  fresh 
water  wildlife  habitats,  and  to  what  degree  is  there  a  Federal  interest  in  the 
protection  of  these  habitats?  How  can  federal  growth  policy  influence  these 
state  and  local  decisions  ? 

POPLTLATION 

The  growth  of  population  is  a  key  element  in  any  consideration  of  national 
growth  policy.  What  are  the  prospects  for  population  in  the  United  States  and 
on  a  worldwide  basis,  and  how  can  we  expect  population  levels  and  rates  of 
growth  to  be  sensitive  to  public  policy? 

DISCUSSION 

Rates  of  population  increase  differ  among  and  within  nations  and  have  varying 
implications  for  nations  and  for  subnational  groups.  The  patterns  of  population 
change — changing  levels,  changing  rates,  changing  age  distributions,  changing 
mortality  rates  and  birth  rates,  changing  patterns  of  geographic  distribution — 
all  have  economic  and  social  implications. 

Population  growth  is  effected  by  a  variety  of  conditions,  including  the  tech- 
nological, demographic,  sociological  and  the  ideological.  The  degree  to  which 
it  is  sensitive  to  public  policy  is  not  clear. 

In  order  to  understand  the  implications  of  population  growth  for  public  policy 
decisions,  it  is  important  to  clarify  the  relationships  among  population  growth 
and  other  growth  variables. 

ISSUES    FOR    CONSIDERATION 

(1)  What  are  the  implications  of  stabilized  population  growth  for  the  health 
of  business  in  the  United  States? 

(2)  Through  what  mechanisms  is  pollution  a  function  of  population? 

(3)  What  is  the  theory  of  "demographic  transition"  and  how  does  it  apply 
to  current  world  and  U.S.  conditions?  What  are  the  implications  of  demographic 
tran^sition  theory  for  the  predictions  contained  in  Limits  and  Blueprint? 

(4)  What  are  the  growth  policy  implications  of  the  findings  and  recommenda- 
tions of  the  population  commissions? 

(5)  What  are  the  implications  of  population  growth  for  land  use  and  the  pat- 
tern of  urbanization  in  the  United  States? 

Economic   Growth 

Environmentali.sts  and  those  worried  about  the  rate  of  resource  consumption 
are  calling  for  restraints  on  national  and  world  economic  growth.  To  what  extent 
is  national  and  world  economic  well-being  dependent  on  growth  and  what  are  the 
implications  of  constrained  and  unconstrained  growth  in  economic  productivity? 
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DISCUSSION 

Economic  growth  is  seen  as  a  key  variable  in  tlie  maintenance  of  standards  of 
living,  quality  of  life,  and  the  like.  It  is  seen  as  both  a  good  and  a  bad  variable, 
depending  on  the  point  of  view  of  the  evaluator.  Since  it  is  seen  as  a  variable 
that  determines  our  future  in  many  regards,  and  since  it  is  a  widespread  belief 
that  economic  growth  is  sensitive  to  changes  in  public  policy,  it  is  the  source  of 
political  as  well  as  technical  controversy. 

ISSUES    FOR    CONSIDERATION 

(1)  What  is  economic  growth,  how  is  it  measured,  and  who  benefits  from  it? 

(2)  What  are  the  costs,  both  tangible  and  intangible,  of  economic  growth? 

(3)  To  what  extent  is  national  and  world  economic  well-being  determined  by 
growth  rates? 

(4)  Is  economic  growth  sensitive  to  public  policy?  If  so,  how? 

(5)  What  are  the  implieatioiLs  of  constrained  economic  growth  for  the  United 
States,  for  other  developed  countries  and  for  underdeveloped  countries?  Is  con- 
tinued growth  good  for  everyone?  Is  constrained  growth  good  for  everyone? 

(6)  To  what  extent  does  improved  pollution  control  require  the  wealth  derived 
from  continued  economic  growth  ? 

(7)  To  what  extent  does  national  security  (military  capacity)  depend  on 
economic  growth  ? 

(8)  What  is  the  role  of  agricultural  and  rural  development  in  economic 
growth?  What  are  the  environmental  problems  united  with  such  development? 

Resource  Scarcity 

Resource  scarcity  is  a  key  consideration  in  predictions  of  future  world  and 
national  catastrophe.  What  is  the  outlook  for  resource  availability  and  what 
are  appropriate  public  policy  responses  to  problems  of  scarcity? 

DISCUSSION 

The  model  builders  whose  work  foretells  disaster  in  the  not-too-distant 
future  have  been  criticized  because  of  their  treatment  of  resource  scarcity.  Al- 
though the  finite  nature  of  the  earth  is  generally  acknowledged,  critics  of  the 
prophets  assert  that  although  resources  will  be  in  increasingly  short  supply, 
adjustment  mechanisms  by  which  society,  adapts  to  changing  conditions — the 
market  and  technological  development — will  lead  to  the  availability  of  additional 
reserves,  to  substitution  among  resources  and  to  reuse  of  many  materials. 

In  spite  of  (or,  more  accurately,  because  of)  the  controversy  over  whether  these 
adaptation  mechanisms  will  be  adequate  to  avoid  catastrophe  or  at  least  to  sig- 
nificantly delay  it,  the  degree  to  which  resource  scarcity  is  a  problem  now  and  for 
future  generations  requires  additional  elarfiication. 

ISSUES   FOR   CONSIDERATION 

(1)  Among  resource  experts  how  much  variance  exists  on  the  degree  to  which 
both  energy  and  nonenergy  resource  .scarcity  will  lead  to  national  and  world 
crises  ? 

(2)  Will  changing  consumption  patterns  affect  the  onset  of  a  resource  crisis 
in  any  significant  way? 

(3)  How  do  present  governmental  programs  and  policies  affect  the  use  and 
reuse  of  resources? 

(4)  What  are  the  pollution  effects  of  using  increasingly  lower-grade  raw 
materials?  What  are  the  energy  requirements  for  drawing  upon  the.se  lower 
grade  materials?  Are  we  asking  for  a  more  severe  thermal  pollution  problem  by 
using  such  resources? 

Environmental  Pollution 

Pollution  can  take  many  forms,  and  its  effects  can  be  both  short  and  long-term. 
In  many,  perhaps  most,  respects,  pollution  involves  the  degradation  of  a  com- 
monly-held "good" :  someone  else's  environment.  To  what  extent  is  it  reasonable 
to  develop  aggregate  policies  for  dealing  with  "pollution,"  and  how  are  the  costs 
and  benefits  of  such  an  approach  to  be  measured? 
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DISCUSSION 

As  a  phenomenon,  pollution  has  been  with  us  for  a  very  long  time.  It  will  be 
with  us  into  the  foreseeable  future.  The  nations  which  are  known  as  "developed" 
are  beginning  to  spend  considerable  sums  of  money  and  amounts  of  time  in  an 
eflFort  to  cope  with  the  problem ;  those  known  variously  as  "underdeveloped," 
"less  developed,"  or  "never  to  be  developed"  have  been  less  so,  although  there  is 
evidence  that  concern  is  rising  here  as  well. 

The  "Limits  to  Growth,"  in  its  analysis  of  this  variable,  concentrated  upon 
the  long-term  persistent  pollutants,  vsuch  as  DDT  and  radioisotopes.  It  is  also 
true  that  short-term  pollutants  can  be  highly  toxic  in  their  impact,  although  less 
globally  significant  at  least  on  the  first  systems  affected.  Where  do  the  real  dan- 
gers exist,  and  how  do  we  construct  decisionmaking  systems  for  dealing  with 
these? 

ISSUES  FOR  CONSIDERATION 

(1)  How  do  we  assign  priorities  for  the  control  of  pollutants?  By  measurable 
dollar  cost?  By  less  measurable  "social  cost"?  By  ease  of  control?  Or  by  source 
mixture  of  these? 

(2)  Who  ought  to  make  the  decision  to  control  or  not  control  these  pollutants? 

(3)  Who  is  or  ought  to  be  charged  with  monitoring  the  flow  of  pollutants  on 
a  global  scale?  How  much  budget  should  be  assigned  to  this?  How  urgent  is  this 
duty. 

(4)  Has  our  dependence  on  this  Earth's  life  support  system  ever  been  ade- 
quately described?  Has  the  fragility  of  critical  elements  of  that  system  been 
adequately  assessed?  Where  do  we  find  the  biological  limits  to  growth? 

(5)  At  what  point  does  a  single  pollutant- — such  as  heat — become  a  significant 
concern  ? 

(6)  To  what  extent  can  we  adjust  to  increasing  levels  of  pollution?  How  long 
will  it  take  and  what  increased  levels  of  mortality  must  we  accept  in  conse- 
quence? 

(7)  In  what  respects  is  the  classical  assumption  of  the  "pollution  threshold" 
still  realistic? 

Land  Use 

Economic  growth  and  population  growth  have  strong  land  use  impacts.  Public 
policy  influences  land  use  in  many  direct  and  indirect  ways,  and  the  pattern  of 
land  use,  in  turn,  has  implications  for  local,  regional,  and  national  economies, 
for  the  environment,  for  the  use  of  resources,  and  for  the  welfare  of  future 
generations. 

DISCUSSION 

Many  environmental,  energy,  and  economic  problems  are  related  to  how  land 
is  used — to  the  spatial  distribution  of  economic  activity  and  settlement  clusters. 
To  some  extent,  other  social  problems  have  land  use  dimensions  as  well.  A.s 
economic  output  increases  and  population  expands,  the  demand  for  land  in- 
creases as  well ;  and  land  use  becomes  a  major  element  of  national  policy.  This 
witnessed  by  the  congressional  attention  given  to  land  use  in  bills  before  the 
92d  Congress.  The  Senate,  for  example,  passed  a  National  Land  Use  Policy  Act, 
and  a  Housing  and  Urban  Development  Act,  with  a  land  use  element  during 
1972.  Land  use  bills  were  also  considered  in  the  House  as  well. 

ISSUES  FOR  CONSIDERATION 

(1)  How  is  land  use  related  to  economic  growth,  to  environmental  protection 
and  to  energy  generation,  distribution,  and  consumption  ? 

(2)  Do  current  patterns  of  urbanization  threaten  unnecessarily  our  land, 
marine,  and  fresh  water  wildlife? 

(3)  How  can  the  competition  for  land  between  agricultural  and  nonagri- 
cultural  uses  be  described?  Is  this  an  appropriate  matter  for  public  policy 
attention? 

(4)  How  does  current  or  recently  proposed  Federal  policy  influence  or  pro- 
pose to  influence  land  use?  What  are  the  growth  implications?  What  are  likely 
environmental  impacts? 

(5)  What  is  the  appropriate  role  for  each  of  the  various  levels  of  Govern- 
ment in  the  federal  system  in  land  use  planning  and  control?  What  are  the 
predominant  attitudes  towards  land  use  planning  and  control? 
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(6)  What  are  the  principal  paradigms  of  land  use  and  economic  development 
(e.g.,  growth  poles)  and  what  are  their  iwlicy  implications? 

(7)  What  mechanisms  exist  for  implementing  land  use  policy?  What  is  the 
Federal  interest  in  these  mechanisms? 

Market   Mechanisms   fob  Adjustment  to  Changing  Patterns  of   Scarcity 

How  can  the  mechanisms  of  the  marketplace  help  society  adjust  to  declining 
available  supplies  of  resources,  stimulate  substitution  among  resources,  and 
encourage  the  development  and  application  of  technologies  to  problems  of  re- 
source scarcities  and  of  pollution  control? 

DISCUSSION 

The  critics  of  "Limits"  and  similar  documents  have  pointed  out  that  one  of 
the  major  weaknesses  of  the  model  is  that  it  does  not  reflect  the  existence  of 
adjustment  mechanisms  which  would  prevent  or  at  least  mitigate  or  postpone 
the  crisis  which  is  predicted.  The  market  is  part  of  this  set  of  adjustment 
mechanisms,  since  the  use  of  scarce  resources  in  production  is  a  function  of  price, 
which  fluctuates  in  the  marketplace  as  supply  and  demand  interact.  This  mech- 
anism will  have  a  number  of  effects.  The  first  is  that  as  price  increases,  new 
reserves  of  resources  can  become  available.  The  second  is  that  as  price  increases, 
substitution  among  various  resources  will  occur.  The  third  is  that  for  many 
products,  as  price  increases,  the  growth  of  aggregate  demand  will  be  restrained 
Other  effects  could  be  pointed  out.  These  arguments  do  not  allow  us  to  cast 
aside  or  to  ignore  the  finite  nature  of  the  Earth,  but  they  are  considerations 
that  were  not  included  in  the  formulation  of  the  "Limits"  model  and  they  may 
suggest  that  the  future  problem  will  not  be  of  the  catastrophic  nature  the 
model  builders  predict. 

ISSUES    FOR   consideration 

(1)  To  what  extent  can  these  market  mechanisms  be  relied  upon  to  allocate 
resources  and  to  buffer  future  generations  from  the  rapid  decline  depicted  by 
limits  and  blueprint? 

(2)  What  are  the  limitations  of  the  marketplace?  What  additional  incentives 
and  restraints  would  be  required  to  supplement  the  price  system  in  order  to 
influence  the  use  and  reuse  of  resources  and  to  influence  the  generation  of 
pollutants? 

(3)  How  can  the  marketplace  influence  research  and  development  efforts 
aimed  at  expanding  the  usability  and  reusability  of  resources  and  at  pollution 
control ? 

(4)  What  would  be  the  impact  of  price  determination  by  cartels  on  the  ability 
of  the  market  to  adjust  consumption  as  physical  limits  are  approached. 

Technology  as  an  Adjustment  Mechanism 

To  what  extent  can  we  rely  on  technological  advances  to  ease  the  problems  of 
scarcity  and  pollution  and  to  buffer  world  economic  and  social  systems  against 
rapid  decline  when  growth  limits  are  approached  or  reached? 

What  are  the  implications  of  technologic  differentials  among  nations? 

discussion 

The  critics  of  the  movement  to  limit  growth  assert  that  technology  is  growing 
expotentially,  just  as  are  population  and  economic  production,  and  that  many 
of  the  dangers  of  growth — those  associated  with  resource  exhaustion  and  environ- 
mental pollution — will  be  mitigated  by  continued  technological  development. 
Others  assert  that  this  is  not  the  case,  that  there  are  "certain  kinds  of  pollution 
that  cannot  be  avoided,  short  of  the  most  far-reaching  changes  in  our  industrial 
technology,  and  one  kind  (thermal  pollution)  that  cannot  be  avoided  by  any 
known  or  imagined  technology."  (Kaysen)  Defenders  of  the  limits  notion  point 
to  the  basic  finite  nature  of  the  earth  and  to  the  inevitability  of  exhaustion  in 
spite  of  technological  advances  that  allow  further  exploitation  of  resources  and 
reuse  of  resources. 

issues  fob  consideration 

(1)  What  is  the  state  of  the  art  and  the  foreseeable  development  of  technol- 
ogies for  expanding  our  ability  to  draw  upon  resource  reserves? 

(2)  To  what  extent  can  technological  methods  increase  food  supplies? 
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(3)  What  are  the  costs  of  these  technologies  and  how  can  costs  be  expected 
to  change  over  the  coming  decades  ? 

(4)  What  are  the  pollution  propensities  of  these  technologies? 

(5)  What  is  the  state  of  the  art  and  the  foreseeable  development  of  technologies 
for  avoiding  or  removing  pollutants?  What  are  the  costs? 

(6)  How  will  new  technologies  affect  energy  needs  and  capacities  to  produce 
that  energy?  How  can  technology  affect  the  polluting  outputs  of  energy  produc- 
tion? Is  the  thermal  pollution  problem  as  serious  as  some  would  have  us  believe? 

(7)  To  what  extent  are  new  technologies — or  existing  technologies — applicable 
to  developing  countries,  and  can  their  need  for  growth  to  meet  immediate  prob- 
lems be  helped  by  these  technologies?  Can  they  bear  the  costs  of  these  technolo- 
gies? Can  technology  help  to  alter  the  distribution  of  wealth  and  income  among 
nations? 

(8)  To  what  extent  must  there  be  continued  investment  in  research  and 
development  to  realize  future  technological  potentials?  Do  current  Research  and 
Development  priorities  reflect  future  needs  with  regard  to  resource  utilization 
and  pollution  control  ? 

Executive  Branch  Treatment  of  Growth  Issues 

How  is  the  executive  branch  currently  organized  to  deal  with  growth  issues, 
and  what  actions  has  the  administration  taken  toward  the  development  of  a 
national  growth  policy  ? 

DISCUSSION 

In  1970  the  Congress  required  that  a  national  urban  growth  policy  be  devel- 
oped and  that  a  unit  of  the  President's  Domestic  Council  submit  a  report  on 
national  urban  growth  to  the  Congress  in  every  even-numbered  year  beginning 
with  1972.  The  President's  1972  report  echoed  the  widespread  conviction  that 
urban  growth  is  a  special  aspect  of  more  broadly  defined  growth.  Other  aspects 
of  growth  are  properly  the  subject  of  energy  policy,  population  policy,  land-use 
policy,  materials  policy,  rural  development  policy,  and  the  like — just  as  is  urban 
growth  policy.  A  national  growth  policy  can  be  seen  as  a  composite  of  these 
narrowly  defined  policies  or  perhaps  as  the  umbrella  under  which  they  are 
gathered  and  interrelated. 

The  executive  branch  must  necessarily  play  an  important  role  in  the  develop- 
ment or  a  national  growth  policy,  if  one  is  to  be  developed,  and  it  has  in  fact 
taken  steps  to  develop  an  improved  understanding  of  growth  policy  issues — in 
spite  of  the  impressions  to  be  gained  from  the  1972  growth  report.  The  President's 
domestic  adviser  John  D.  Ehrlichman  issued  a  memorandum  to  a  number  of 
executive  agencies  asking  them  to  respond  by  July  30,  1972,  to  an  extensive  list 
of  questions  regarding  the  formulation  of  national  growth  policy. 

The  nature  of  Executive  efforts  toward  the  formulation  of  a  national  growth 
policy — ^or  toward  the  decision  of  whether  or  not  to  formulate  such  a  policy — 
may  be  of  interest  to  the  committee  in  order  to  assess  the  degree  to  which 
growth  policy  may  affect  the  matters  over  which  the  committee  has  jurisdiction. 

issues  for  consideration 

(1)  How  is  the  pattern  of  national  growth  being  affected  by  the  management 
of  existing  Federal  programs,  especially  with  regard  to  energy,  population,  land 
use,  urban  and  metropolitan  development,  materials,  air  and  water  resources? 

(2)  How  is  the  executive  branch  organized  to  deal  with  growth  issues? 

(3)  From  a  substantive  point  of  view,  what  decisions  have  been  made  with 
regard  to  national  growth  policy?  How  were  the  decisions  related  to  information 
provided  in  response  to  the  Ehrlichman  memorandum? 

(4)  How  can  the  Nation's  present  growth  policy  be  characterized? 

(5)  From  the  administration's  point  of  view,  where  is  growth  sensitive  to 
Federal,  State,  or  local  public  policy? 

Mr.  DiNGELL.  The  Chair  acrain  does  reiterate  my  personal  thanks 
to  each  of  you,  the  thanks  of  the  committee  and  the  appreciation  for 
your  invahiable  assistance  to  us  today. 

If  there  is  no  further  business  to  come  before  the  committee,  the 
committee  will  stand  adjourned  until  the  call  of  the  Chair. 

[Whereupon,  at  4 :05  p.m.,  the  subcommittee  adjourned  to  "reconvene 
subject  to  the  call  of  the  Chair.] 
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May  21, 1973. 

To :  Hon.  John  D.  Dingell,  Chairman,  Subcommittee  on  Fisheries  and  Wildlife 
Conservation  and  the  Environment,  Committee  on  Merchant  Marine  and 
Fisheries. 

From  :  Government  and  General  Research  Division  ;  Charles  W.  Harris,  Division 
Chief — The   Library   of   Congress,    Congressional   Research    Service. 

Subject :  Appendix  material  for  May  1  hearing  on  growth.  Research  by  Clay  H. 
Wellborn. 

In  response  to  your  request  we  are  enclosing  the  reader  on  growth  to  be 
appended  to  the  hearing  record  from  your  May  1  hearing  on  growth  and  the 
environment.  We  have  also  prepared  a  brief  introduction  to  accompany  the 
documents. 

If  we  can  be  of  further  assistance  in  this  matter,  please  do  not  hesitate  to 
call. 

Selected  Readings  on  National  Growth  and  the  Environment 

I.    CATALYSTS    OF    CONTROVERSY 

1.  The  Limits  to  Growth,  by  Donella  H.  Meadows,  Dennis  L.  Meadows,  J0rgen 

Randers,  and  William  W.  Behrens  III. 

Commentary 

"Can  the  World  Survive  Economic  Growth"  by  J.  Church  (Time,  Aug.  14, 
1972). 

"The  Computer  that  Printed  Out  Wolf,"  by  Carl  Kaysen  (Foreign  Affairs, 
Summer  1972). 

"Growth  and  its  Enemies,"  by  Rudolf  Klein   (Commentary,  June  1972). 

"Predicament  of  Mankind,"  by  Allen  Kneese  and  Ronald  Ridker  (Washington 
Post,  Mar  2,  1972). 

"Limits  to  Growth,  A  Critique,"  by  Mahbub  ul  Haq  (Finance  and  Develop- 
ment). 

Review  of  Limits  to  Growth,  by  E.  J.  Mishan  (New  Scientist,  May  1972). 

"Growth  and  Survival,"  by  Robert  L.  Heilbroner  (Foreign  Affairs,  October 
1972). 

Rejoinder 

"Limits  to  Growth  in  Perspective,"  by  Aurelio  Peccei  and  Manfred  Siebker. 

"A  Summary  of  Limits  to  Growth — Its  Critics  and  Its  Challenge,"  by  Donella 
H.  and  Dennis  L.  Meadows. 

2.  "A  Blueprint  for  Survival,"  by  Edward  Goldsmith,   Robert  Allen,   Michael 

Allaby,  John  Davoll,  and  Sam  Lawrence  (The  Ecologist,  January  1972).^ 
Commentary 

Letters  to  the  editor  of  The  Ecologist  from  Sir  Julian  Huxlev  (March  1972)  ; 
Prof.  C.  H.  Waddington  (March  1972)  ;  Sir  Geoffrey  Vickers  (March  1972)  ; 
Sir  Eric  Ashby  (April  1972)  ;  and  Tlie  Rt.  Rev.  Hugh  Montefiore  (April  1972). 

"A  Word  of  Warning,"  by  Samuel  Mines   (Washington  Post,  Dec.  20,  1972). 

II.  GENERAL  COMMENTARY  ON  THE  PROBLEMS  OF  GROWTH 

1.  "How   to   Live   with   Economic   Growth,"   by   Henry    C.    Wallich    (Fortune, 
October  1972). 


1  Now  published  separately  as  a  book. 
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2.  "Coming  to  Terms  with  Growth  and  the  Environment,"  by  Walter  W.  Heller 

(Energy,  Economic  Growth  and  the  Environment,  Sam  H.  Schurr,  editor). 

3.  "The  Doomsday   Syndrome,"   by   John  Maddox    (Saturday   Review,  Oct.  21, 

1972). 

4.  "Avoiding  a  Limit  to  Growth,"  by  W.  Donham  Crawford   (American  Power 

Conference,  Apr.  18,  1972). 

5.  "The  Ecological  Effects  of  Growth,"  by  George  M.  Woodwell   (Congressional 

Record,  Apr.  3, 1973). 

6.  "A  Model  for  a  Steady-State  Economy,"  by  Herman  E.  Daly  (October  1972). 

in.   BACKGROUND  DOCUMENTS 

1.  Rapid  Population  Growth,  prepared  by  a  study  committee  of  the  Foreign 

Secretary,  National  Academy  of  Sciences  (1971). 

2.  Population  and  the  American  Future,  report  of  the  President's  Commission 

on  Population  and  the  American  Future  ( Mar.  27,  1972 ) . 

3.  Resources   and  Man,   prepared   by  the   Committee   on   Resources   and   Man, 

National   Academy   of   Sciences-National   Research    Council    (1969). 

4.  Toward  a  National  Materials  Policy.  Basic  Data  and  Issues,  National  Com- 

mission on  Materials  Policy  (April  1972). 

5.  Elements  of  a  National  Materials  Policy,  report  of  the  National  Materials 

Advisory  Board,  National  Research  Council-National  Academy  of  Engineer- 
ing (August  1972). 

6.  Only  One  Earth,  by  Barbara  Ward  and  Rene  Dubos  (1972). 

IV.  NATIONAL  GROWTH  POLICY  IN  THE  UNITED  STATES 

1.  Report  on  National  Growth  1972,  President's  first  biennial  report  on  national 

growth  as  required  by  the  Housing  and  Urban  Development  Act  of  1970. 

Commentary 

"Missing:  One  Policy,"  (New  York  Times,  Mar.  29,  1972). 

"Urban  Growth"  (Washington  Post,  Apr.  8, 1972). 

"Comments  on  National  Growth,"  by  Jay  Forrester  (U.S.  House  of  Represent- 
atives, Committee  on  Banking  and  Currency,  Subcommittee  on  Housing.  Hear- 
ings on  National  Growth  Policy,  June  6,  7, 1972,  pt.  2 ) . 

2.  Land  Use  and  Urban  Growth,  summary  of  the  report  of  the  Task  Force  on 

Land  Use  and  Urban  Growth  of  the  Citizens'  Advisory  Committee  on  En- 
vironmental Quality. 

3.  White  House  memorandum  on  National  Growth  Policy,  dated  May  31, 1972. 

Selected  Readings  on  National  Growth  and  the  Ehvironment 

The  material  presented  here  for  the  reference  of  the  committee  is  divided  into 
four  sections. 

Section  I  consists  of  excerpts  from  and  commentary  on  two  documents  that 
have  generated  extensive  controversy  over  the  desirability  and  probable  long- 
run  outcomes  of  continued  growth  in  population  and  economic  productivity.  The 
controversial  documents  are  entitled  "The  Limits  to  Growth"  and  "Blueprint 
for  Survival." 

Section  II  is  a  selection  of  articles  commenting  generally  on  aspects  of  a 
growth-oriented  versus  a  steady-state  society. 

Section  III  assembles  excerpts  from  six  documents  that  have  played  important 
roles  in  presenting  current  thinking  on  population,  resources,  and  the  environ- 
ment. 

Section  IV  is  a  collection  of  documents  reflecting  the  state  of  development  of 
national  urban  growth  policy  in  the  United  States.  Included  are  excerpts  from  the 
President's  Report  on  Growth  1972,  which  was  required  by  the  Housing  and 
Urban  Development  Act  of  1970.  A  brief  selection  of  editorial  and  scholarly 
comment  is  included. 

Current  executive  branch  thinking  on  the  subject  of  growth  is  indicated  by  a 
White  House  memorandum  on  the  sub.lect,  and  private  sector  thinking  is  reflected 
by  the  summary  of  the  report  of  the  Task  Force  on  Land  Use  and  Urban  Growth 
of  the  Citizen's  Advisory  Committee  on  Environmental  Quality. 
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OVEB\TEW    OF   THE   DOCUMENTS 

The  documents  collected  here  suggest  a  consensus  only  on  two  matters  related 
to  growth.  First,  there  is  agreement  that  the  earth's  resources  are  not  infinite. 
Second,  there  is  a  consensus  that  there  are  no  additional  benefits  to  be  derived 
from  additional  growth  in  population.  Beyond  tJiese  two  points  of  agreement, 
consensus  is  hard  to  find.  The  call  for  transition  from  a  growth-oriented  society 
to  a  steady-state  society  is  countered  by  the  call  for  continued  growth  to  provide 
the  resources  needed  for  environmental  protection  and  for  maintaining  or  im- 
proving standards  of  living  in  both  developed  and  developing  societies.  Predic- 
tions of  disaster  on  a  worldwide  scale  are  challenged  by  those  who  assert  that 
the  predictions  are  based  on  insufiicient  evidence,  on  faulty  methods,  and  on  un- 
substantiated assumptions.  None  of  the  participants  in  the  controversy  deny  the 
need  for  thoughtful  stewardship  of  the  earth's  resources  or  for  careful  husbandry 
of  the  planet's  fragile  biosphere,  but  there  is  no  consensus  on  what  thoughtful 
stewardship  and  careful  husbandry  should  consist  of.  Indeed,  we  are  presented 
with  a  harsh  dilemma,  a  dilemma  for  which  these  documents  offer  no  solution. 
We  are  presented  on  the  one  hand  with  the  prospect  of  exhaustion  of  our  resources 
and  of  ecological  disaster  if  we  do  not  convert  from  a  growth-oriented  society 
to  a  steady-state  society.  On  tie  other  hand  we  are  presented  with  the  necessity 
of  economic  growth  if  the  developing  nations  are  to  escape  evermore  deepening 
poverty  and  developed  nations  are  to  maintain  their  standards  of  living.  We  are 
also  told  that  the  social  strains  associated  with  transition  to  a  steady-state 
society  as  well  as  those  that  will  be  created  by  continuing  the  growth  orientation 
may  be  more  than  we  will  be  able  to  manage. 

If  there  is  room  for  limited  optimism  given  these  extremes  it  i-s  in  the  general 
agreement  that  limitation  of  population  increases  may  delay  catastrophe.  But 
population  control  is  not  easy  to  achieve  on  a  worldwide  basis,  and  in  itself  it  is 
not  a  panacea  because  of  increasing  per  capita  demand  for  resources. 

What  these  documents  achieve  whether  or  not  they  forecai*t  catastrophe  is  to 
call  attention  of  the  policymaker  to  the  complex  and  difficult  problems  we  as 
dependents  of  the  Earth  are  coming  to  find  ourselves  with.  They  plead  with  us 
to  reassess  our  patterns  of  consumption,  to  take  action  to  improve  our  under- 
standing of  the  world  we  live  in,  and  to  address  ourselves  to  its  capacity  to 
sustain  us. 

SECTION    r  :    CATALYSTS    OF    CONTRON'ERSY   AND    THEIR   CEITICS 

The  document  that  has  been  the  most  highly  publicized  and  that  has  therefore 
played  the  most  important  role  in  generating  controversy  over  the  question  of 
growth  is  the  Club  of  Rome's  publication  The  Limits  of  Groicth,  prepared  under 
the  direction  of  Prof.  Dennis  Meadows. 

Limits  concludes  that  "If  present  growth  trends  in  world  population  indus- 
trialization, pollution,  food  production,  and  resource  depletion  continue 
unchanged,  the  limits  to  growth  on  this  planet  will  be  reached  sometime  within  the 
hundred  years.  The  most  probable  result  will  be  a  rather  sudden  and  imcontrolled 
decline  in  both  population  and  indu-strial  capacity." 

Professor  Meadows  amplified  this  prediction  in  his  testimony  before  the  sub- 
committee by  noting  that  the  limits  to  growth  are  already  making  themselves 
felt  in  such  things  as  increasing  world  jwUution  levels.  Dr.  Lester  Brown  made  a 
similar  suggestion  in  his  testimony  on  the  world  food  situation. 

But  Limits  goes  on  to  say  that  if  the  present  trends  are  changed  soon,  it  may 
be  possible  to  sustain  ecological  and  economic  stability  rather  far  into  the  future. 

"The  excepts  from  Limits  selected  to  be  included  in  this  collection  describe  the 
nature  of  current  expotential  growth  trends,  identify  some  of  the  likely  limits  to 
expotential  growth,  and  characterize  the  state  of  global  equilibriimi  (zero  growth 
of  population  and  industrial  activity)  that  the  authors  believe  must  be  achieved 
if  our  ecological  and  economic  well-being  are  to  be  sustained  at  acceptable  levels. 

"Blueprint  for  Survival",  published  in  the  British  journal  The  Ecologist,  makes 
a  similar  case,  but  it  goes  further  to  suggest  a  strategy  for  the  transition  from 
current  growth  patterns  to  more  sustainable  patterns.  "Blueprint"  includes  in 
its  proposed  strategy  a  series  of  changes  in  the  sociopolitical  structure  that  would 
be  required  to  enforce  the  restraint  needed  to  effect  the  transition  while  preserv- 
ing individual  liberty.  (Other  documents  in  this  collection  also  discuss  the 
problems  of  "macro"  constraints  on  the  economic  system  and  the  need  to  avoid 
"micro"  constraints  that  would  severely  abridge  individual  liberty.) 
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A  selection  of  the  critical  responses  to  these  two  documents  follows  the 
excerpts  from  each  of  them.  Although  the  responses  to  both  of  the  documents 
have  been  similar  in  content,  responses  to  Limits  have  been  especially  extensive 
and  vigorous.  Carl  Kaysen.  for  example,  begins  his  critique  of  Limits  by  pointing 
out  that  it  has  "generated  many  times  its  own  weight  in  enthusiastic  encomia 
and  equally  strong  condemnations." 

In  a  Time  magazine  article,  George  J.  Church  briefly  highlights  the  arguments 
presented  in  Limits  and  points  to  the  criticisms  which  it  generated  almost  im- 
mediately after  its  publication.  He  urges  that  the  underlying  thrust  of  Limits 
not  be  disregarded  because  of  whatever  technical  flaws  it  may  have. 

Carl  Kaysen,  however,  as.serts  that  Limits  is  somewhat  of  a  false  alarm,  that 
"the  authors'  analysis  is  gravely  deficient  and  many  of  their  strongest  and  most 
striking  conclusions  [are]  unwarranted."  Nevertheless,  Kaysen  joins  others 
in  acknowledging  that  Limits  draws  attention  to  important  and  difficult  problems. 

Rudolf  Klein  begins  his  critique  of  Limits  by  comparing  it  to  a  long  series 
of  Western  prophets  whose  predictions  of  catastrophe  were  not  fulfilled.  He 
urges  us  to  maintain  a  balanced  view  of  the  whole  range  of  complex  problems 
which  face  mankind,  only  one  of  which  is  growth. 

Kneese  and  Ridker  find  that  Limits  presents  an  interesting  discussion  of 
population,  pollution,  and  resource  depletion,  but  one  that  is  not  superior  to 
many  of  the  others  which  are  available.  They  join  other  critics  in  pointing  out 
the  weakness  of  the  model  used  by  the  authors,  finding  it  an  "interesting  frame- 
work "for  resource  and  environmental  management  research,  but  not  in  itself" 
a  helpful  near-term  tool  for  strengthening  and  deepening  our  understanding  of 
man's  predicament  and  what  to  do  about  it." 

Looking  at  Limits  from  the  perspective  of  a  World  Bank  economist,  Mahub 
ul  Haq  finds  that  it  reflects  a  complacency  about  world  "social  and  political 
problems  which  its  own  prescriptions  would  only  exacerbate."  He  concludes  that 
"industrial  countries  may  be  able  to  accept  a  target  of  zero  growth  (in  eco- 
nomic production)  as  a  disagreeable,  yet  perhaps  morally  bracing  regime  for  their 
own  citizens.  For  the  developing  world,  however,  zero  growth  offers  only  a 
prospect  of  despair  *  *  *." 

Heilbroner,  commenting  on  both  Limits  and  "Blueprint",  remarks  that  it  is 
not  growth  per  se  that  is  the  problem,  but  the  po'lution  that  growth  generates. 
He  is  therefore  a  bit  more  optimistic  about  the  practicability  of  technological 
solutions  to  many  of  the  pollution  problems  growth  creates.  He  joins  the  authors 
of  Limits  and  "Blueprint"  in  their  belief  that  .something  approaching  a  steady- 
state  society  is  essential,  but  he  is  not  at  all  sanguine  about  our  capacities  to 
cope  with  the  social  problems  the  transition  would  cause. 

Ezra  Mishan  is  less  interested  in  the  weaknesses  of  the  model  the  author  of 
Limits  base  their  analysis  upon  than  he  is  in  reactions  to  Limits.  He  correctly 
predicts  that  economists  will  almost  surely  dislike  Limits,  and  he  predicts  that 
they  will  almost  surely  set  to  work  on  similar  models  in  order  to  make  addi- 
tional contributions  to  their  utility. 

Criticisms  of  "Blueprint"  are  quite  simi'ar  to  those  of  Limits,  as  evidenced 
by  the  short  selection  of  letters  from  noted  British  .scholars  to  the  editor  of 
The  Ecologist. 

REJOINDERS 

The  discussion  of  Limits  concludes  with  rejoinders  from  both  the  Meadows 
team  and  from  Aurelio  Peccei,  leader  of  the  Club  of  Rome,  who  answer  their 
critics  on  a  point-by-point  basis. 

SECTION    II  :    GENERAL   COMMENTARY   ON    THE   PROBLEMS    OF   GROWTH 

Henry  Wallich,  a  proponent  of  economic  growth,  suggests  ways  of  benefiting 
from  growth  while  avoiding  catastrophe  and  controlling  some  of  the  undesir- 
able side  effects  of  growth.  He  sees  the  price  system  as  a  powerful  tool  in  the 
effort  to  avoid  the  hazards  of  growth. 

Walter  Heller  identifies  points  of  agreement  and  disagreement  between  econ- 
omists and  environmentalists,  pointing  out  that  economies  regards  the  structure 
of  growth  rather  than  the  fact  of  growth  as  the  root  of  environmental  evil.  Heller 
joins  Heilbroner  in  doubting  our  capacity  to  overcome  the  .social  and  political 
problems  that  transition  to  a  ateadv-state  society  would  provide. 

John  Maddox,  editor  of  the  British  scientific  journal  Nature,  acciises  environ- 
mentalists of  using  international  overdramatization  and  of  diverting  public  at- 
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tention  away  from  the  real  ecological  issues  and  from  existing  currently  avail- 
able solutions  to  real  ecological  problems. 

To  supplement  the  discussion,  the  point  of  view  of  an  industry  spokesman, 
W.  Donham  Crawford  of  the  American  Power  Conference,  is  included  as  is  the 
point  of  view  of  environmentalist  George  M.  Woodwell. 

Section  II  closes  with  a  pai>er  by  Herman  Daly  who  argues  for  the  achieve- 
ment of  a  steady-state  society  by  (1)  establishing  macro  controls,  and  (2)  avoid- 
ing micro  controls  that  would  hinder  individual  freedoms. 

SECTION   III.    BACKGROUND   DOCUMENTS 

Two  documents  in  this  section  examine  the  role  of  population  increase  both 
worldwide  and  within  the  United  States.  Included  are  excerpts  from  "Rapid 
Population  Growth,"  prepared  by  a  study  committee  of  the  Office  of  the  Foreign 
Secretary.  National  Academy  of  Sciences,  and  the  report  of  the  Pre.sident's  Com- 
mission on  Population  and  the  American  Future.  Both  of  these  documents  call 
for  public  efforts  to  constrain  population  increase. 

Three  additional  documents  consider  growth  from  a  resource  management  point 
of  view :  Resources  and  Man,  prepared  by  the  Committee  on  Resources  and  Man. 
National  Academy  of  Sciences-National  Research  Council ;  Towards  a  Natiotial 
Materials  Policy — Basic  Data  and  Issues,  prepared  by  the  National  Commission 
on  Materials  Policy ;  and  Elements  of  a  National  Materials  Policy,  the  report  of 
the  National  Materials  Advisory  Board,  National  Research  Council-National 
Academies  of  Science  and  Engineering. 

Finally,  Only  One  Earth  offers  a  review  of  man's  role  in  the  management  of  the 
biosphere. 

SECTION  IV  :  NATIONAL  GROWTH  POLICY  IN  THE  UNITED  STATES 

The  Housing  and  Urban  Development  Act  of  1970  required  the  President  to 
submit  to  the  Congress  every  2  years  a  report  on  urban  growth  in  the  United 
States  as  part  of  the  process  to  develop  a  national  urban  growth  policy.  Excerpts 
from  the  first  report  are  presented  here  because  urbanization  is  a  vital  part  of 
growth  and  because  the  report  indicated  an  executive  decision  by  the  present 
administration  not  to  address  itself  to  the  development  of  a  national  urban 
growth  policy  at  the  time  of  the  report.  Since  that  time  a  White  House  memoran- 
dum, included  here,  was  circulated  to  agency  heads  to  generate  information  and 
recommendations  on  the  desirability  and  feasibility  of  formulating  growth  policy. 
The  outcome  of  that  request  for  information  and  recommendations  is  not  known. 

At  the  time  the  President's  report  was  submitted  to  the  Congress,  there  was 
widespread  disappointment  in  its  lack  of  policy  content.  This  disappointment  is 
reflected  in  the  comments  that  follow  the  excerpt  from  the  report  itself. 

That  there  continues  to  exist  an  active  national  concern  for  the  development 
of  both  land  use  and  urban  growth  policy  is  witnessed  by  the  existence  of  a  task 
force  on  land  use  and  urban  growth  within  the  Citizens'  Advisory  Committee  on 
Environmental  Quality.  A  summary  of  their  forthcoming  report  is  included  as 
the  last  item  in  this  collection  of  documents. 

EFFICACY   OF   PRICE   AND   TECHNOLOGY   IN    ADJUSTMENT    MECHANISMS 

Review  of  the  material  presented  here  will  show  that  fundamental  disagree- 
ment exists  as  to  whether  the  price  system  and  technological  advance  will  allow 
us  to  adjust  adequately  to  increasingly  scarce  resources  by  altering  aggregate 
demand  and  by  allowing  substitution  among  factors  of  production.  This  disagree- 
ment is  important  because  what  one  believes  about  the  efficacy  of  these  adjust- 
ment mechanisms  will  influence  one's  evaluation  of  both  the  prophecies  of  catas- 
trophe and  the  criticisms  of  such  prophecies.  The  documents  assembled  here  do 
not  in  any  way  resolve  the  disagreement ;  they  merely  demonstrate  its  existence 
and  its  centrality  in  the  debate. 
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FOREWORD 


IN  APRIL  1968,  a  group  of  thirty  individuals  from  ten 
countries — scientists,  educators,  economists,  humanists,  indus- 
triahsts,  and  national  and  international  civil  servants — gathered 
in  the  Accademia  dei  Lincei  in  Rome.  They  met  at  the  insti- 
gation of  Dr.  Aurelio  Peccei,  an  Italian  industrial  manager, 
economist,  and  man  of  vision,  to  discuss  a  subject  of  staggering 
scope — the  present  and  future  predicament  of  man. 

THE  CLUB  OF  ROME 

Out  of  this  meeting  grew  The  Club  of  Rome,  an  informal 
organization  that  has  been  aptly  described  as  an  "invisible 
college."  Its  purposes  are  to  foster  understanding  of  the  varied 
but  interdependent  components — economic,  political,  natural, 
and  social — that  make  up  the  global  system  in  which  we  all 
live;  to  bring  that  new  understanding  to  the  attention  of 
policy-makers  and  the  public  worldwide;  and  in  this  way  to 
promote  new  policy  initiatives  and  action. 

The  Club  of  Rome  remains  an  informal  international  asso- 
ciation, with  a  membership  that  has  now  grown  to  approxi- 
mately seventy  persons  of  twenty-five  nationalities.  None  of  its 
members  holds  public  office,  nor  docs  the  group  seek  to  express 
any  single  ideological,  political,  or  national  point  of  view.  All 
are  united,  however,  by  their  overriding  conviction  that  the 
major  problems  facing  mankind  are  of  such  complexity  and 
are  so  interrelated  that  traditional  institutions  and  policies  are 
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no  longer  able  to  cope  with  them,  nor  even  to  come  to  grips 
with  their  full  content. 

The  members  of  The  Club  of  Rome  have  backgrounds  as 
varied  as  their  nationalities.  Dr.  Peccei,  still  the  prime  moving 
force  within  the  group,  is  affiliated  with  Fiat  and  Olivetti  and 
manages  a  consulting  firm  for  economic  and  engineering 
development,  Italconsult,  one  of  the  largest  of  its  kind  in 
Europe.  Other  leaders  of  The  Club  of  Rome  include:  Hugo 
Thiemann,  head  of  the  Battelle  Institute  in  Geneva;  Alexander 
King,  scientific  director  of  the  Organization  for  Economic 
Cooperation  and  Development;  Saburo  Okita,  head  of  the 
Japan  Economic  Research  Center  in  Tokyo;  Eduard  Pestel 
of  the  Technical  University  of  Hannover,  Germany;  and 
Carroll  Wilson  of  the  Massachusetts  Institute  of  Technology. 
Although  membership  in  The  Club  of  Rome  is  limited,  and 
will  not  exceed  one  hundred,  it  is  being  expanded  to  include 
representatives  of  an  ever  greater  variety  of  cultures,  nationali- 
ties, and  value  systems. 

THE  PROJECT  ON  THE  PREDICAMENT  OF  MANKIND 

A  series  of  early  meetings  of  The  Club  of  Rome  culminated 
in  the  decision  to  initiate  a  remarkably  ambitious  undertaking 
— the  Project  on  the  Predicament  of  Mankind. 

The  intent  of  the  project  is  to  examine  the  complex  of 
problems  troubling  men  of  all  nations:  poverty  in  the  midst 
of  plenty;  degradation  of  the  environment;  loss  of  faith  in 
institutions;  uncontrolled  urban  spread;  insecurity  of  employ- 
ment; alienation  of  youth;  rejection  of  traditional  values;  and 
inflation  and  other  monetary  and  economic  disruptions.  These 
seemingly  divergent  parts  of  the  "world  problematique,"  as 
The  Club  of  Rome  calls  it,  have  three  characteristics  in  com- 
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mon:  they  occur  to  some  degree  in  all  societies;  they  contain 
technical,  social,  economic,  and  political  elements;  and,  most 
important  of  all,  they  interact. 

It  is  the  predicament  of  mankind  that  man  can  perceive  the 
problematique,  yet,  despite  his  considerable  knowledge  and 
skills,  he  does  not  understand  the  origins,  significance,  and 
interrelationships  of  its  many  components  and  thus  is  unable 
to  devise  effective  responses.  This  failure  occurs  in  large  part 
because  we  continue  to  examine  single  items  in  the  problema- 
tique without  understanding  that  the  whole  is  more  than  the 
sum  of  its  parts,  that  change  in  one  element  means  change  in 
the  others. 

Phase  One  of  the  Project  on  the  Predicament  of  Mankind 
took  definite  shape  at  meetings  held  in  the  summer  of  1970  in 
Bern,  Switzerland,  and  Cambridge,  Massachusetts.  At  a  two- 
week  conference  in  Cambridge,  Professor  Jay  Forrester  of  the 
Massachusetts  Institute  of  Technology  (MIT)  presented  a 
global  model  that  permitted  clear  identification  of  many  spe- 
cific components  of  the  problematique  and  suggested  a  tech- 
nique for  analyzing  the  behavior  and  relationships  of  the  most 
important  of  those  components.  This  presentation  led  to  initia- 
tion of  Phase  One  at  MIT,  where  the  pioneering  work  of  Pro- 
fessor Forrester  and  others  in  the  field  of  System  Dynamics  had 
created  a  body  of  expertise  uniquely  suited  to  the  research 
demands. 

The  Phase  One  study  was  conducted  by  an  international 
team,  under  the  direction  of  Professor  Dennis  Meadows,  with 
financial  support  from  the  Volkswagen  Foundation.  The 
team  examined  the  five  basic  factors  that  determine,  and  there- 
fore, ultimately  limit,  growth  on  this  planet — population,  agri- 
cultural production,  natural  resources,  industrial  production, 
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and  pollution.  The  research  has  now  been  completed.  This 
book  is  the  first  account  of  the  findings  published  for  general 
readership. 

A   GLOBAL   CHALLENGE 

It  is  with  genuine  pride  and  pleasure  that  Potomac  Associates 
joins  with  The  Club  of  Rome  and  the  MIT  research  team  in 
the  publication  of  The  Limits  to  Growth. 

We,  like  The  Club  of  Rome,  are  a  young  organization,  and 
we  believe  the  Club's  goals  are  very  close  to  our  own.  Our 
purpose  is  to  bring  new  ideas,  new  analyses,  and  new  ap- 
proaches to  persistent  problems — both  national  and  interna- 
tional— to  the  attention  of  all  those  who  care  about  and  help 
determine  the  quality  and  direction  of  our  life.  We  are  de- 
lighted therefore  to  be  able  to  make  this  bold  and  impressive 
work  available  through  our  book  program. 

We  hope  that  The  Limits  to  Growth  will  command  critical 
attention  and  spark  debate  in  all  societies.  We  hope  that  it  will 
encourage  each  reader  to  think  through  the  consequences  of 
continuing  to  equate  growth  with  progress.  And  we  hope 
that  it  will  lead  thoughtful  men  and  women  in  all  fields  of 
endeavor  to  consider  the  need  for  concerted  action  now  if  we 
are  to  preserve  the  habitability  of  this  planet  for  ourselves 
and  our  children. 

William  Watts,  President 

POTOMAC   ASSOCIATES 


69 


INTRODUCTION 

/  do  not  wish  to  seem  overdramatic,  but 
I  can  only  conclude  from  the  information 
that  is  available  to  me  as  Secretary- 
General,  that  the  Members  of  the  United 
Nations  have  perhaps  ten  years  left  in 
which  to  subordinate  their  ancient 
quarrels  and  launch  a  global  partnership 
to  curb  the  arms  race,  to  improve  the 
human  environment,  to  defuse  the  popu- 
lation explosion,  and  to  supply  the 
required  momentum  to  development 
efforts.  If  such  a  global  partnership  is 
not  forged  within  the  next  decade,  then 
I  very  much  fear  that  the  problems  I 
have  mentioned  will  have  reached  such 
staggering  proportions  that  they  will  be 
beyond  our  capacity  to  control. 

U  THANT.  1969 

I  he  problems  U  Thant  mentions — 
the  arms  race,  environmental  deterioration,  the  population  ex- 
plosion, and  economic  stagnation — are  often  cited  as  the  cen- 
tral, long-term  problems  of  modern  man.  Many  people  believe 
that  the  future  course  of  human  society,  perhaps  even  the  sur- 
vival of  human  society,  depends  on  the  speed  and  effectiveness 
with  which  the  world  responds  to  these  issues.  And  yet  only  a 
small  fraction  of  the  world's  population  is  actively  concerned 
with  understanding  these  problems  or  seeking  their  solutions. 

HUMAN   PERSPECTIVES 

Every  person  in  the  world  faces  a  series  of  pressures  and  prob- 
lems that  require  his  attention  and  action.  These  problems 
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affect  him  at  many  different  levels.  He  may  spend  much  of 
his  time  trying  to  find  tomorrow's  food  for  himself  and  his 
family.  He  may  be  concerned  about  personal  power  or  the 
power  of  the  nation  in  which  he  lives.  He  may  worry  about 
a  world  war  during  his  lifetime,  or  a  war  next  week  with  a 
rival  clan  in  his  neighborhood. 

These  very  different  levels  of  human  concern  can  be  rep- 
resented on  a  graph  like  that  in  figure  1.  The  graph  has  two 
dimensions,  space  and  time.  Every  human  concern  can  be 
located  at  some  point  on  the  graph,  depending  on  how  much 
geographical  space  it  includes  and  how  far  it  extends  in  time. 
Most  people's  worries  are  concentrated  in  the  lower  left-hand 
corner  of  the  graph.  Life  for  these  people  is  difficult,  and  they 
must  devote  nearly  all  of  their  efforts  to  providing  for  them- 
selves and  their  families,  day  by  day.  Other  people  think 
about  and  act  on  problems  farther  out  on  the  space  or  time 
axes.  The  pressures  they  perceive  involve  not  only  themselves, 
but  the  community  with  which  they  identify.  The  actions  they 
take  extend  not  only  days,  but  weeks  or  years  into  the  future. 

A  person's  time  and  space  perspectives  depend  on  his  culture, 
his  past  experience,  and  the  immediacy  of  the  problems  con- 
fronting him  on  each  level.  Most  people  must  have  successfully 
solved  the  problems  in  a  smaller  area  before  they  move  their 
concerns  to  a  larger  one.  In  general  the  larger  the  space  and  the 
longer  the  time  associated  with  a  problem,  the  smaller  the 
number  of  people  who  are  actually  concerned  with  its  solution. 

There  can  be  disappointments  and  dangers  in  limiting  one's 
view  to  an  area  that  is  too  small.  There  are  many  examples  of 
a  person  striving  with  all  his  might  to  solve  some  immediate, 
local  problem,  only  to  find  his  efforts  defeated  by  events 
occurring  in  a  larger  context.  A  farmer's  carefully  maintained 
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Figure  1  HUMAN  PERSPECTIVES 
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Although  the  perspectives  of  the  world's  people  vary  in  space  and  in  time, 
every  human  concern  falls  somewhere  on  the  space-time  graph.  The 
majority  of  the  world's  people  are  concerned  with  matters  that  affect  only 
family  or  friends  over  a  short  period  of  time.  Others  look  farther  ahead  in 
time  or  over  a  larger  area — a  city  or  a  nation.  Only  a  very  few  people  have 
a  global  perspective  that  extends  far  into  the  future. 

fields  can  be  destroyed  by  an  international  war.  Local  officials' 
plans  can  be  overturned  by  a  national  policy.  A  country's  eco- 
nomic development  can  be  thwarted  by  a  lack  of  world  demand 
for  its  products.  Indeed  there  is  increasing  concern  today  that 
most  personal  and  national  objectives  may  ultimately  be  frus- 
trated by  long-term,  global  trends  such  as  those  mentioned  by 
U  Thant. 
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Are  the  implications  of  these  global  trends  actually  so  threat- 
ening that  their  resolution  should  take  precedence  over  local, 
short-term  concerns? 

Is  it  true,  as  U  Thant  suggested,  that  there  remains  less  than 
a  decade  to  bring  these  trends  under  control  ? 

If  they  are  not  brought  under  control,  what  will  the  con- 
sequences be? 

What  methods  does  mankind  have  for  solving  global  prob- 
lems, and  what  will  be  the  results  and  the  costs  of  employing 
each  of  them  ? 

These  are  the  questions  that  we  have  been  investigating  in 
the  first  phase  of  The  Club  of  Rome's  Project  on  the  Predica- 
ment of  Mankind.  Our  concerns  thus  fall  in  the  upper  right- 
hand  corner  of  the  space-time  graph. 

PROBLEMS   AND   MODELS 

Every  person  approaches  his  problems,  wherever  they  occur  on 
the  space-time  graph,  with  the  help  of  models.  A  model  is 
simply  an  ordered  set  of  assumptions  about  a  complex  system. 
It  is  an  attempt  to  understand  some  aspect  of  the  infinitely 
varied  world  by  selecting  from  perceptions  and  past  experience 
a  set  of  general  observations  applicable  to  the  problem  at  hand. 
A  farmer  uses  a  mental  model  of  his  land,  his  assets,  market 
prospects,  and  past  weather  conditions  to  decide  which  crops  to 
plant  each  year.  A  surveyor  constructs  a  physical  model — a 
map — to  help  in  planning  a  road.  An  economist  uses  mathe- 
matical models  to  understand  and  predict  the  flow  of  inter- 
national trade. 

Decision-makers  at  every  level  unconsciously  use  mental 
models  to  choose  among  policies  that  will  shape  our  future 
world.  These  mental  models  are,  of  necessity,  very  simple  when 
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compared  with  the  reality  from  which  they  are  abstracted. 
The  human  brain,  remarkable  as  it  is,  can  only  keep  track  of 
a  limited  number  of  the  complicated,  simultaneous  interactions 
that  determine  the  nature  of  the  real  world. 

We,  too,  have  used  a  model.  Ours  is  a  formal,  written  model 
of  the  world.*  It  constitutes  a  preliminary  attempt  to  improve 
our  mental  models  of  long-term,  global  problems  by  com- 
bining the  large  amount  of  information  that  is  already  in 
human  minds  and  in  written  records  with  the  new  informa- 
tion-processing tools  that  mankind's  increasing  knowledge  has 
produced — the  scientific  method,  systems  analysis,  and  the 
modern  computer. 

Our  world  model  was  built  specifically  to  investigate  five 
major  trends  of  global  concern — accelerating  industrialization, 
rapid  population  growth,  widespread  malnutrition,  depletion 
of  nonrenewable  resources,  and  a  deteriorating  environment. 
These  trends  are  all  interconnected  in  many  ways,  and  their 
development  is  measured  in  decades  or  centuries,  rather  than 
in  months  or  years.  With  the  model  we  are  seeking  to  under- 
stand the  causes  of  these  trends,  their  interrelationships,  and 
their  implications  as  much  as  one  hundred  years  in  the  future. 

The  model  we  have  constructed  is,  like  every  other  model, 
imperfect,  oversimplified,  and  unfinished.  We  are  well  aware 
of  its  shortcomings,  but  we  believe  that  it  is  the  most  useful 
model  now  available  for  dealing  with  problems  far  out  on  the 
space-time  graph.  To  our  knowledge  it  is  the  only  formal 
model  in  existence  that  is  truly  global  in  scope,  that  has  a 

*  The  prototype  model  on  which  we  have  based  our  work  was  designed 
by  Professor  Jay  W.  Forrester  of  the  Massachusetts  Institute  of  Tech- 
nology. A  description  of  that  model  has  been  published  in  his  book 
World  Dynamics  (Cambridge,  Mass.:  Wright-Allen  Press,  1971). 
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time  horizon  longer  than  thirty  years,  and  that  includes  im- 
portant variables  such  as  population,  food  production,  and  pol- 
lution, not  as  independent  entities,  but  as  dynamically  inter- 
acting elements,  as  they  are  in  the  real  world, 

Since  ours  is  a  formal,  or  mathematical,  model  it  also  has 
two  important  advantages  over  mental  models.  First,  every 
assumption  we  make  is  written  in  a  precise  form  so  that  it  is 
open  to  inspection  and  criticism  by  all.  Second,  after  the  as- 
sumptions have  been  scrutinized,  discussed,  and  revised  to 
agree  with  our  best  current  knowledge,  their  implications  for 
the  future  behavior  of  the  world  system  can  be  traced  without 
error  by  a  computer,  no  matter  how  complicated  they  become. 

We  feel  that  the  advantages  listed  above  make  this  model 
unique  among  all  mathematical  and  mental  world  models 
available  to  us  today.  But  there  is  no  reason  to  be  satisfied  with 
it  in  its  present  form.  We  intend  to  alter,  expand,  and  improve 
it  as  our  own  knowledge  and  the  world  data  base  gradually 
improve. 

In  spite  of  the  preliminary  state  of  our  work,  we  believe  it 
is  important  to  publish  the  model  and  our  findings  now.  De- 
cisions are  being  made  every  day,  in  every  part  of  the  world, 
that  will  affect  the  physical,  economic,  and  social  conditions 
of  the  world  system  for  decades  to  come.  These  decisions  can- 
not wait  for  perfect  models  and  total  understanding.  They  will 
be  made  on  the  basis  of  some  model,  mental  or  written,  in  any 
case.  We  feel  that  the  model  described  here  is  already  suflS- 
ciently  developed  to  be  of  some  use  to  decision-makers.  Fur- 
thermore, the  basic  behavior  modes  we  have  already  observed 
in  this  model  appear  to  be  so  fundamental  and  general  that 
we  do  not  expect  our  broad  conclusions  to  be  substantially 
altered  by  further  revisions. 
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It  is  not  the  purpose  of  this  book  to  give  a  complete,  scien- 
tific description  of  all  the  data  and  mathematical  equations 
included  in  the  world  model.  Such  a  description  can  be  found 
in  the  final  technical  report  of  our  project  Rather,  in  The 
Limits  to  Growth  we  summarize  the  main  features  of  the 
model  and  our  findings  in  a  brief,  nontechnical  way.  The  em- 
phasis is  meant  to  be  not  on  the  equations  or  the  intricacies  of 
the  model,  but  on  what  it  tells  us  about  the  world.  We  have 
used  a  computer  as  a  tool  to  aid  our  own  understanding  of  the 
causes  and  consequences  of  the  accelerating  trends  that  char- 
acterize the  modern  world,  but  familiarity  with  computers  is 
by  no  means  necessary  to  comprehend  or  to  discuss  our  con- 
clusions. The  implications  of  those  accelerating  trends  raise 
issues  that  go  far  beyond  the  proper  domain  of  a  purely  scien- 
tific document.  They  must  be  debated  by  a  wider  community 
than  that  of  scientists  alone.  Our  purpose  here  is  to  open  that 
debate. 

The  following  conclusions  have  emerged  from  our  work  so 
far.  We  are  by  no  means  the  first  group  to  have  stated  them. 
For  the  past  several  decades,  people  who  have  looked  at  the 
world  with  a  global,  long-term  perspective  have  reached  sim- 
ilar conclusions.  Nevertheless,  the  vast  majority  of  policy- 
makers seems  to  be  actively  pursuing  goals  that  are  inconsistent 
with  these  results. 

Our  conclusions  are: 
1.  If  the  present  growth  trends  in  world  population,  industrial- 
ization, pollution,  food  production,  and  resource  depletion  con- 
tinue unchanged,  the  limits  to  growth  on  this  planet  will  be 
reached  sometime  within  the  next  one  hundred  years.  The 
most  probable  result  will  be  a  rather  sudden  and  uncontrol- 
lable decline  in  both  population  and  industrial  capacity. 
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2.  It  is  possible  to  alter  these  growth  trends  and  to  establish  a 
condition  of  ecological  and  economic  stability  that  is  sustain- 
able far  into  the  future.  The  state  of  global  equilibrium  could 
be  designed  so  that  the  basic  material  needs  of  each  person  on 
earth  are  satisfied  and  each  person  has  an  equal  opportunity 
to  realize  his  individual  human  potential. 

3.  If  the  world's  people  decide  to  strive  for  this  second  out- 
come rather  than  the  first,  the  sooner  they  begin  working  to 
attain  it,  the  greater  will  be  their  chances  of  success. 

These  conclusions  are  so  far-reaching  and  raise  so  many 
questions  for  further  study  that  we  are  quite  frankly  over- 
whelmed by  the  enormity  of  the  job  that  must  be  done.  We 
hope  that  this  book  will  serve  to  interest  other  people,  in  many 
fields  of  study  and  in  many  countries  of  the  world,  to  raise  the 
space  and  time  horizons  of  their  concerns  and  to  join  us  in 
understanding  and  preparing  for  a  period  of  great  transition — 
the  transition  from  growth  to  global  equilibrium. 
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CHAPTER    I 


THE 

NATURE 

OF 

EXPONENTIAL 

GROWTH 

People  at  present  think  that  five  sons 
are  not  too  many  and  each  son  has  five 
sons  also,  and  before  the  death  of  the 
grandfather  there  are  already  25 
descendants.  Therefore  people  are 
more  and  wealth  is  less;  they  work 
hard  and  receive  little. 

HAN  FEI-TZU.  ca.  500  B.C. 

All  five  elements  basic  to  the  study 
reported  here — population,  food  production,  industrialization, 
pollution,  and  consumption  of  nonrenewable  natural  re- 
sources— are  increasing.  The  amount  of  their  increase  each  year 
follows  a  pattern  that  mathematicians  call  exponential  growth. 
Nearly  all  of  mankind's  current  activities,  from  use  of  fertilizer 
to  expansion  of  cities,  can  be  represented  by  exponential  growth 
curves  (see  figures  2  and  3).  Since  much  of  this  book  deals 
with  the  causes  and  implications  of  exponential  growth  curves, 
it  is  important  to  begin  with  an  understanding  of  their  general 
characteristics. 

THE   MATHEMATICS   OF   EXPONENTIAL   GROWTH 

Most  people  are  accustomed  to  thinking  of  growth  as  a  linear 
process.  A  quantity  is  growing  linearly  when  it  increases  by  a 
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Figure  2    WORLD  FERTILIZER  CONSUMPTION 
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V^orld  fertilizer  consumption  is  increasing  exponentially,  with  a  doubling 
time  of  about  10  years.  Total  use  is  now  five  times  greater  than  it  was 
during  World  War  II. 
NOTE:  Figures  do  not  include  the  USSR  or  the  People's  Republic  of  China. 

SOURCES:  UN  Department  of  Economic  and  Social  Affairs,  Statistical  Yearbook  1955, 
Statistical  Yearbook  1960,  and  Statistical  Yearbook  1970  (New  York:  United  Nations,  1956, 
1961,  and  1971). 


constant  amount  in  a  constant  time  period.  For  example,  a 
child  who  becomes  one  inch  taller  each  year  is  growing  lin- 
early. If  a  miser  hides  $10  each  year  under  his  mattress,  his 
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Figure  3  WORLD  URBAN  POPULATION 
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Total  urban  population  is  expected  to  increase  exponentially  in  the  less 
developed  regions  of  the  world,  but  almost  linearly  in  the  more  developed 
regions.  Present  average  doubling  time  for  city  populations  in  less  de- 
veloped regions  is  15  years. 

SOURCE:  UN  Department  of  Economic  and  Social  Affairs,  The  World  Population  Situation 
in  1970  (New  York:  United  Nations,  1971). 

horde  of  money  is  also  increasing  in  a  linear  way.  The  amount 
of  increase  each  year  is  obviously  not  aflfected  by  the  size  of 
the  child  nor  the  amount  of  money  already  under  the  mattress. 
A  quantity  exhibits  exponential  growth  when  it  increases 
by  a  constant  percentage  of  the  whole  in  a  constant  time 
period.  A  colony  of  yeast  cells  in  which  each  cell  divides  into 
two  cells  every  10  minutes  is  growing  exponentially.  For  each 
single  cell,  after  10  minutes  there  will  be  two  cells,  an  increase 
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Figure  4  THE  GROWTH  OF  SAVINGS 
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//  a  miser  hides  $10  each  year  under  his  mattress,  his  savings  will  grow 
linearly,  as  shown  by  the  lower  curve.  If,  after  10  years,  he  invests  his 
$100  at  7  percent  interest,  that  $100  will  grow  exponentially,  with  a 
doubling  time  of  10  years. 

of  100  percent.  After  the  next  10  minutes  there  will  be  four 
cells,  then  eight,  then  sixteen.  If  a  miser  takes  $100  from  his 
mattress  and  invests  it  at  7  percent  (so  that  the  total  amount 
accumulated  increases  by  7  percent  each  year),  the  invested 
money  will  grow  much  faster  than  the  linearly  increasing 
stock  under  the  mattress  (see  figure  4).  The  amount  added 
each  year  to  a  bank  account  or  each  10  minutes  to  a  yeast 
colony  is  not  constant.  It  continually  increases,  as  the  total 
accumulated  amount  increases.  Such  exponential  growth  is  a 
common  process  in  biological,  financial,  and  many  other  sys- 
tems of  the  world. 
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Common  as  it  is,  exponential  growth  can  yield  surprising 
results — results  that  have  fascinated  mankind  for  centuries. 
There  is  an  old  Persian  legend  about  a  clever  courtier  who 
presented  a  beautiful  chessboard  to  his  king  and  requested 
that  the  king  give  him  in  return  1  grain  of  rice  for  the  first 
square  on  the  board,  2  grains  for  the  second  square,  4  grains 
for  the  third,  and  so  forth.  The  king  readily  agreed  and  or- 
dered rice  to  be  brought  from  his  stores.  The  fourth  square 
of  the  chessboard  required  8  grains,  the  tenth  square  took  512 
grains,  the  fifteenth  required  16,384,  and  the  twenty-first 
square  gave  the  courtier  more  than  a  million  grains  of  rice. 
By  the  fortieth  square  a  million  million  rice  grains  had  to  be 
brought  from  the  storerooms.  The  king's  entire  rice  supply 
was  exhausted  long  before  he  reached  the  sixty-fourth  square. 
Exponential  increase  is  deceptive  because  it  generates  immense 
numbers  very  quickly. 

A  French  riddle  for  children  illustrates  another  aspect  of 
exponential  growth — the  apparent  suddenness  with  which  it 
approaches  a  fixed  limit.  Suppose  you  own  a  pond  on  which  a 
water  lily  is  growing.  The  hly  plant  doubles  in  size  each  day. 
If  the  lily  were  allowed  to  grow  unchecked,  it  would  com- 
pletely cover  the  pond  in  30  days,  choking  off  the  other  forms 
of  life  in  die  water.  For  a  long  time  the  lily  plant  seems  small, 
and  so  you  decide  not  to  worry  about  cutting  it  back  until 
it  covers  half  the  pond.  On  what  day  will  that  be?  On  the 
twenty-ninth  day,  of  course.  You  have  one  day  to  save  your 
pond.* 

It  is  useful  to  think  of  exponential  growth  in  terms  of 
doubling  time,  or  the  time  it  takes  a  growing  quantity  to 


We  are  indebted  to  M.  Robert  Lattes  for  telling  us  this  riddle. 
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double  in  size.  In  the  case  of  the  lily  plant  described  above, 
the  doubling  time  is  1  day.  A  sum  of  money  left  in  a  bank 
at  7  percent  interest  will  double  in  10  years.  There  is  a  simple 
mathematical  relationship  between  the  interest  rate,  or  rate 
of  growth,  and  the  time  it  will  take  a  quantity  to  double  in 
size.  The  doubling  time  is  approximately  equal  to  70  divided 
by  the  growth  rate,  as  illustrated  in  table  1. 

Table  1  DOUBLING  TIME 


Growth  rate 

Doubling  time 

(%    per  year) 

(years) 

0.1 

700 

0.5 

140 

1.0 

70 

2.0 

35 

4.0 

18 

5.0 

14 

7.0 

10 

10.0 

7 

MODELS  AND  EXPONENTIAL  GROWTH 

Exponential  growth  is  a  dynamic  phenomenon,  which  means 
that  it  involves  elements  that  change  over  time.  In  simple 
systems,  like  the  bank  account  or  the  lily  pond,  the  cause  of 
exponential  growth  and  its  future  course  are  relatively  easy  to 
understand.  When  many  different  quantities  are  growing 
simultaneously  in  a  system,  however,  and  when  all  the  quan- 
tities are  interrelated  in  a  complicated  way,  analysis  of  the 
causes  of  growth  and  of  the  future  behavior  of  the  system 
becomes  very  difficult  indeed.  Does  population  growth  cause 
industrialization  or  does  industrialization  cause  population 
growth?  Is  either  one  singly  responsible  for  increasing  pol- 


83 


lution,  or  are  they  both  responsible?  Will  more  food  produc- 
tion result  in  more  population?  If  any  one  of  these  elements 
grows  slower  or  faster,  what  will  happen  to  the  growth  rates 
of  all  the  others?  These  very  questions  are  being  debated  in 
many  parts  of  the  world  today.  The  answers  can  be  found 
through  a  better  understanding  of  the  entire  complex  system 
that  unites  all  of  these  important  elements. 

Over  the  course  of  the  last  30  years  there  has  evolved  at 
the  Massachusetts  Institute  of  Technology  a  new  method  for 
understanding  the  dynamic  behavior  of  complex  systems.  The 
method  is  called  System  Dynamics.*  The  basis  of  the  method 
is  the  recognition  that  the  structure  of  any  system — the  many 
circular,  interlocking,  sometimes  time-delayed  relationships 
among  its  components — is  often  just  as  important  in  deter- 
mining its  behavior  as  the  individual  components  themselves. 
The  world  model  described  in  this  book  is  a  System  Dynamics 
model. 

Dynamic  modeling  theory  indicates  that  any  exponentially 
growing  quantity  is  somehow  involved  with  a  positive  feed- 
back^ loop.  A  positive  feedback  loop  is  sometimes  called  a 
"vicious  circle."  An  example  is  the  familiar  wage-price  spiral — 
wages  increase,  which  causes  prices  to  increase,  which  leads  to 
demands  for  higher  wages,  and  so  forth.  In  a  positive  feedback 
loop  a  chain  of  cause-and-efTect  relationships  closes  on  itself, 
so  that  increasing  any  one  element  in  the  loop  will  start  a 
sequence  of  changes  that  will  result  in  the  originally  changed 
element  being  increased  even  more. 

*  A  detailed  description  of  the  method  of  System  Dynamics  analysis  is 
presented  in  J.  W.  Forrester's  Industrial  Dynamics  (Cambridge,  Mass.: 
MIT  Press,  1961)  and  Principles  of  Systems  (Cambridge,  Mass.:  Wright- 
Allen  Press,  1968). 
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The  positive  feedback  loop  that  accounts  for  exponential 
increase  of  money  in  a  bank  account  can  be  represented  like 
this: 


money  in  account 
(dollars) 


interest  added 
(dollars  per  year)        (4.) 

interest  rate 
(7%) 


Suppose  $100  is  deposited  in  the  account.  The  first  year's 
interest  is  7  percent  of  $100,  or  $7,  which  is  added  to  the 
account,  making  the  total  $107.  The  next  year's  interest  is  7 
percent  of  $107,  or  $7.49,  which  makes  a  new  total  of  $114.49. 
One  year  later  the  interest  on  that  amount  will  be  more  than 
$8.00.  The  more  money  there  is  in  the  account,  the  more 
money  will  be  added  each  year  in  interest.  The  more  is  added, 
the  more  there  will  be  in  the  account  the  next  year  causing 
even  more  to  be  added  in  interest.  And  so  on.  As  we  go 
around  and  around  the  loop,  the  accumulated  money  in  the 
account  grows  exponentially.  The  rate  of  interest  (constant 
at  7  percent)  determines  the  gain  around  the  loop,  or  the 
rate  at  which  the  bank  account  grows. 

We  can  begin  our  dynamic  analysis  of  the  long-term  world 
situation  by  looking  for  the  positive  feedback  loops  underlying 
the  exponential  growth  in  the  five  physical  quantities  we  have 
already  mentioned.  In  particular,  the  growth  rates  of  two  of 
these  elements — population  and  industrialization — are  of  in- 
terest, since  the  goal  of  many  development  policies  is  to 
encourage  the  growth  of  the  latter  relative  to  the  former.  The 
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Figure  5  WORLD  POPULATION 
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World  population  since  1650  has  been  growing  exponentially  at  an  increas- 
ing rate.  Estimated  population  in  1970  is  already  slightly  higher  than  the 
projection  illustrated  here  (which  was  made  in  1958).  The  present  world 
population  growth  rate  is  about  2.1  percent  per  year,  corresponding  to  a 
doubling  time  of  33  years. 

SOURCE:  Donald  J.  Bogue.  Principles  of  Demography  (New  York:  John  Wiley  and  Sons, 
1969). 

two  basic  positive  feedback  loops  that  account  for  exponential 
population  and  industrial  growth  are  simple  in  principle.  We 
will  describe  their  basic  structures  in  the  next  few  pages.  The 
many  interconnections  between  these  two  positive  feedback 
loops  act  to  amplify  or  to  diminish  the  action  of  the  loops, 
to  couple  or  uncouple  the  growth  rates  of  population  and  of 
industry.  These  interconnections  constitute  the  rest  of  the  world 
model  and  their  description  will  occupy  much  of  the  rest  of 
this  book. 
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WORLD  POPULATION  GROWTH 


The  exponential  growth  curve  of  world  population  is  shown 
in  figure  5.  In  1650  the  population  numbered  about  0.5  billion,* 
and  it  was  growing  at  a  rate  of  approximately  0.3  percent  per 
year.^  That  corresponds  to  a  doubling  time  of  nearly  250  years. 
In  1970  the  population  totaled  3.6  billion  and  the  rate  of  growth 
was  2.1  percent  per  year.^  The  doubling  time  at  this  growth 
rate  is  33  years.  Thus,  not  only  has  the  population  been  grow- 
ing exponentially,  but  the  rate  of  growth  has  also  been  growing. 
We  might  say  that  population  growth  has  been  "super"- 
exponential;  the  population  curve  is  rising  even  faster  than  it 
would  if  growth  were  strictly  exponential. 

The  feedback  loop  structure   that  represents  the  dynamic 
behavior  of  population  growth  is  shown  below. 


(+) 


births 
per  year 

T 

average  fertility 
(fraction  of  population 
giving  birth  each  year) 


population 


(-) 


deaths 
per  year 


T 


average  mortality 
(fraction  of  population 
dying  each  year) 


On  the  left  is  the  positive  feedback  loop  that  accounts  for 
the  observed  exponential  growth.  In  a  population  with  constant 
average  fertility,  the  larger  the  population,  the  more  babies 
will  be  born  each  year.  The  more  babies,  the  larger  the  popula- 

*  The  word  "billion"  in  this  book  will  be  used  to  mean  1000  million, 
i.e.  the  European  "milliard." 
^  Notes  begin  on  page  201. 
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tion  will  be  the  following  year.  After  a  delay  to  allow  those 
babies  to  grow  up  and  become  parents,  even  more  babies  will 
be  born,  swelling  the  population  still  further.  Steady  growth 
will  continue  as  long  as  average  fertility  remains  constant.  If, 
in  addition  to  sons,  each  woman  has  on  the  average  two 
female  children,  for  example,  and  each  of  them  grows  up  to 
have  two  more  female  children,  the  population  will  double 
each  generation.  The  growth  rate  will  depend  on  both  the 
average  fertility  and  the  length  of  the  delay  between  genera- 
tions. Fertility  is  not  necessarily  constant,  of  course,  and  in 
chapter  III  we  will  discuss  some  of  the  factors  that  cause  it 
to  vary. 

There  is  another  feedback  loop  governing  population 
growth,  shown  on  the  right  side  of  the  diagram  above.  It  is  a 
negative  feedback,  loop.  Whereas  positive  feedback  loops 
generate  runaway  growth,  negative  feedback  loops  tend  to 
regulate  growth  and  to  hold  a  system  in  some  stable  state. 
They  behave  much  as  a  thermostat  does  in  controlling  the 
temperature  of  a  room.  If  the  temperature  falls,  the  thermostat 
activates  the  heating  system,  which  causes  the  temperature  to 
rise  again.  When  the  temperature  reaches  its  limit,  the  ther- 
mostat cuts  off  the  heating  system,  and  the  temperature  begins 
to  fall  again.  In  a  negative  feedback  loop  a  change  in  one 
element  is  propagated  around  the  circle  until  it  comes  back  to 
change  that  element  in  a  direction  opposite  to  the  initial 
change. 

The  negative  feedback  loop  controlling  population  is  based 
upon  average  mortality,  a  reflection  of  the  general  health  of 
the  population.  The  number  of  deaths  each  year  is  equal  to 
the  total  population  times  the  average  mortality  (whicn  we 
might  think  of  as  the  average  probability  of  death  at  any  age). 
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An  increase  in  the  size  of  a  population  with  constant  average 
mortality  will  result  in  more  deaths  per  year.  More  deaths  will 
leave  fewer  people  in  the  population,  and  so  there  will  be 
fewer  deaths  the  next  year.  If  on  the  average  5  percent  of  the 
population  dies  each  year,  there  will  be  500  deaths  in  a  popula- 
tion of  10,000  in  one  year.  Assuming  no  births  for  the  moment, 
that  would  leave  9,500  people  the  next  year.  If  the  probability 
of  death  is  still  5  percent,  there  will  be  only  475  deaths  in 
this  smaller  population,  leaving  9,025  people.  The  next  year 
there  will  be  only  452  deaths.  Again,  there  is  a  delay  in  this 
feedback  loop  because  the  mortality  rate  is  a  function  of  the 
average  age  of  the  population.  Also,  of  course,  mortality  even 
at  a  given  age  is  not  necessarily  constant. 

If  there  were  no  deaths  in  a  population,  it  would  grow 
exponentially  by  the  positive  feedback  loop  of  births,  as  shown 
below.  If  there  were  no  births,  the  population  would  decline 


o 
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a 
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time 


to  zero  because  of  the  negative  feedback  loop  of  deaths,  also 
as  shown  below.  Since  every  real  population  experiences  both 


time 
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births  and  deaths,  as  well  as  varying  fertility  and  mortality,  the 
dynamic  behavior  of  populations  governed  by  these  two 
interlocking  feedback  loops  can  become  fairly  complicated. 
What  has  caused  the  recent  super-exponential  rise  in  world 
population  ?  Before  the  industrial  revolution  both  fertility  and 
mortality  were  comparatively  high  and  irregular.  The  birth 
rate  generally  exceeded  the  death  rate  only  slightly,  and  popu- 
lation grew  exponentially,  but  at  a  very  slow  and  uneven  rate. 
In  1650  the  average  lifetime  of  most  populations  in  the  world 
was  only  about  30  years.  Since  then,  mankind  has  developed 
many  practices  that  have  had  profound  effects  on  the  popula- 
tion growth  system,  especially  on  mortality  rates.  With  the 
spread  of  modern  medicine,  public  health  techniques,  and  new 
methods  of  growing  and  distributing  foods,  death  rates  have 
fallen  around  the  world.  World  average  life  expectancy  is 
currently  about  53  years  ^  and  still  rising.  On  a  world  average 
the  gain  around  the  positive  feedback  loop  (fertility)  has 
decreased  only  slightly  while  the  gain  around  the  negative 
feedback  loop  (mortality)  is  decreasing.  The  result  is  an 
increasing  dominance  of  the  positive  feedback  loop  and  the 
sharp  exponential  rise  in  population  pictured  in  figure  5. 

What  about  the  population  of  the  future?  How  might  we 
extend  the  population  curve  of  figure  5  into  the  twenty-first 
century?  We  will  have  more  to  say  about  this  in  chapters 
III  and  IV.  For  the  moment  we  can  safely  conclude  that 
because  of  the  delays  in  the  controlling  feedback  loops,  espe- 
cially the  positive  loop  of  births,  there  is  no  possibility  of 
leveling  off  the  population  growth  curve  before  the  year  2000, 
even  with  the  most  optimistic  assumption  of  decreasing  fer- 
tility. Most  of  the  prospective  parents  of  the  year  2000  have 
already  been  born.  Unless  there  is  a  sharp  rise  in  mortality, 
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Figure  6  WORLD  INDUSTRIAL  PRODUCTION 
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Viorld  industrial  production,  relative  to  the  base  year  1963,  also  shows  a 
clear  exponential  increase  despite  small  fluctuations.  The  1963-68  average 
growth  rate  of  total  production  is  7  percent  per  year.  The  per  capita  growth 
rate  is  5  percent  per  year. 

SOURCES:  UN  Department  of  Economic  and  Social  Affairs,  Statistical  Yearbook  1956  and 
Statistical  Yearbook  1969  (New  York:  United  Nations,  1957  and  1970). 

which  mankind  will  certainly  strive  mightily  to  avoid,  we 
can  look  forward  to  a  world  population  of  around  7  billion 
persons  in  30  more  years.  And  if  we  continue  to  succeed  in 
lowering  mortality  with  no  better  success  in  lowering  fertility 
than  we  have  accomplished  in  the  past,  in  60  years  there  will 
be  four  people  in  the  world  for  every  one  person  living  today. 


WORLD  ECONOMIC  GROWTH 


A  second  quantity  that  has  been  increasing  in  the  world  even 
faster  than  human  population  is  industrial  output.  Figure  6 
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shows  the  expansion  of  world  industrial  production  since  1930, 
with  1963  production  as  the  base  of  reference.  The  average 
growth  rate  from  1963  to  1968  was  7  percent  per  year,  or 
5  percent  per  year  on  a  per  capita  basis. 

What  is  the  positive  feedback  loop  that  accounts  for  expo- 
nential growth  of  industrial  output?  The  dynamic  structure, 
diagramed  below,  is  actually  very  similar  to  the  one  we  have 
already  described  for  the  population  system. 
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With  a  given  amount  of  industrial  capital  (factories,  trucks, 
tools,  machines,  etc.),  a  certain  amount  of  manufactured  out- 
put each  year  is  possible.  The  output  actually  produced  is  also 
dependent  on  labor,  raw  materials,  and  other  inputs.  For  the 
moment  we  will  assume  that  these  other  inputs  are  sufficient, 
so  that  capital  is  the  limiting  factor  in  production.  (The  world 
model  does  include  these  other  inputs.)  Much  of  each  year's 
output  is  consumable  goods,  such  as  textiles,  automobiles,  and 
houses,  that  leave  the  industrial  system.  But  some  fraction  of 
the  production  is  more  capital — looms,  steel  mills,  lathes — 
which  is  an  investment  to  increase  the  capital  stock.  Here  we 
have  another  positive  feedback  loop.  More  capital  creates  more 
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Figure  7  ECONOMIC  GROWTH  RATES 
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The  economic  growth  of  individual  nations  indicates  that  differences  in 
exponential  growth  rates  are  widening  the  economic  gap  between  rich  and 
poor  countries. 

SOURCE:  Simon  Kuznets,  Economic  Growth  of  Nations  (Cambridge,  Mass.:  Harvard  Uni- 
versity Press,  1971). 


93 


output,  some  variable  fraction  of  the  output  is  investment, 
and  more  investment  means  more  capital.  The  new,  larger 
capital  stock  generates  even  more  output,  and  so  on.  There 
are  also  delays  in  this  feedback  loop,  since  the  production  of  a 
major  piece  of  industrial  capital,  such  as  an  electrical  generat- 
ing plant  or  a  refinery,  can  take  several  years. 

Capital  stock  is  not  permanent.  As  capital  wears  out  or 
becomes  obsolete,  it  is  discarded.  To  model  this  situation  we 
must  introduce  into  the  capital  system  a  negative  feedback 
loop  accounting  for  capital  depreciation.  The  more  capital 
there  is,  the  more  wears  out  on  the  average  each  year;  and  the 
more  that  wears  out,  the  less  there  will  be  the  next  year.  This 
negative  feedback  loop  is  exactly  analogous  to  the  death  rate 
loop  in  the  population  system.  As  in  the  population  system, 
the  positive  loop  is  strongly  dominant  in  the  world  today, 
and  the  world's  industrial  capital  stock  is  growing  exponen- 
tially. 

Since  industrial  output  is  growing  at  7  percent  per  year 
and  population  only  at  2  percent  per  year,  it  might  appear 
that  dominant  positive  feedback  loops  are  a  cause  for  rejoicing. 
Simple  extrapolation  of  those  growth  rates  would  suggest  that 
the  material  standard  of  living  of  the  world's  people  will 
double  within  the  next  14  years.  Such  a  conclusion,  however, 
often  includes  the  implicit  assumption  that  the  world's  growing 
industrial  output  is  evenly  distributed  among  the  world's 
citizens.  The  fallacy  of  this  assumption  can  be  appreciated 
when  the  per  capita  economic  growth  rates  of  some  individual 
nations  are  examined  (see  figure  7). 

Most  of  the  world's  industrial  growth  plotted  in  figure  6  is 
actually  taking  place  in  the  already  industrialized  countries, 
where  the  rate  of  population  growth  is  comparatively  low. 
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Table  2  ECONOMIC  AND  POPULATION  GROWTH  RATES 

Average 

Average  annual 

annual  growth  rate 

growth  rate  GNP  of  GNP 

Population      of  population  per  capita  per  capita 

(1968)           (1961-68)  (1968)  (1961-68) 

Country                                    (million)       (%  per  year)  (US  dollars)  (%  per  year) 

People's  Republic 

of  China*  730  1.5  90  0.3 

India  524  2.5  100  1.0 

USSR*  238  1.3  1,100  5.8 

United  States  201  1.4  3,980  3.4 

Pakistan    123  2.6  100  3.1 

Indonesia    113  2.4  100  0.8 

Japan  101  1.0  1,190  9.9 

Brazil    88  3.0  250  1.6 

Nigeria 63  2.4  70  —0.3 

Federal  Republic 

of  Germany  60  1.0  1,970  3.4 

•  The  International  Bank  for  Reconstruction  and  Development  qualifies  its  estimates 
for  China  and  the  USSR  with  the  following  statement:  "Estimates  of  GNP  per 
capita  and  its  growth  rate  have  a  wide  margin  of  error  mainly  because  of  the 
problems  in  deriving  the  GNP  at  factor  cost  from  net  material  product  and  in 
converting  the  GNP  estimate  into  US  dollars."  United  Nations  estimates  are  in 
general  agreement  with  those  of  the  IBRD. 

source:  World  Bant{  Atlas  (Washington, DC:  International  Bank  for  Reconstruction 
and  Development,  1970). 

The  most  revealing  possible  illustration  of  that  fact  is  a  simple 
table  listing  the  economic  and  population  growth  rates  of  the 
ten  most  populous  nations  of  the  world,  where  64  percent 
of  the  world's  population  currently  lives.  Table  2  makes  very 
clear  the  basis  for  the  saying,  "The  rich  get  richer  and  the  poor 
get  children." 

It  is  unlikely  that  the  rates  of  growth  listed  in  table  2  will 
continue  unchanged  even  until  the  end  of  this  century.  Many 
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factors  will  change  in  the  next  30  years.  The  end  of  civil 
disturbance  in  Nigeria,  for  example,  will  probably  increase  the 
economic  growth  rate  there,  while  the  onset  of  civil  disturb- 
ance and  then  war  in  Pakistan  has  already  interfered  with 
economic  growth  there.  Let  us  recognize,  however,  that  the 
growth  rates  listed  above  are  the  products  of  a  complicated 
social  and  economic  system  that  is  essentially  stable  and  that 
is  likely  to  change  slowly  rather  than  quickly,  except  in  cases 
of  severe  social  disruption. 

It  is  a  simple  matter  of  arithmetic  to  calculate  extrapolated 
values  for  gross  national  product  (GNP)  per  capita  from  now 
until  the  year  2000  on  the  assumption  that  relative  growth 
rates  of  population  and  GNP  will  remain  roughly  the  same  in 
these  ten  countries.  The  result  of  such  a  calculation  appears  in 
table  3.  The  values  shown  there  will  almost  certainly  not  ac- 
tually be  realized.  They  are  not  predictions.  The  values  merely 
indicate  the  general  direction  our  system,  as  it  is  currently 
structured,  is  taking  us.  They  demonstrate  that  the  process  of 

Table  3  EXTRAPOLATED  GNP  FOR  THE  YEAR  2000 

GNP  per  capita 
Country  (in  US  dollars  *) 

People's  Republic  of  China  100 

India   140 

USSR    6,330 

United  States  1 1,000 

Pakistan   250 

Indonesia    — _ 130 

lapan    23,200 

Brazil ._  440 

Nigeria 60 

Federal  Republic  of  Germany  5,850 

*  Based  on  the  1968  dollar  with  no  allowance  for  inflation. 
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economic  growth,  as  it  is  occurring  today,  is  inexorably  widen- 
ing the  absolute  gap  between  the  rich  and  the  poor  nations  of 
the  world. 

Most  people  intuitively  and  correctly  reject  extrapolations 
like  those  shown  in  table  3,  because  the  results  appear  ridicu- 
lous. It  must  be  recognized,  however,  that  in  rejecting  extra- 
polated values,  one  is  also  rejecting  the  assumption  that  there 
will  be  no  change  in  the  system.  If  the  extrapolations  in  table  3 
do  not  actually  come  to  pass,  it  will  be  because  the  balance 
between  the  positive  and  negative  feedback  loops  determining 
the  growth  rates  of  population  and  capital  in  each  nation  has 
been  altered.  Fertility,  mortality,  the  capital  investment  rate, 
the  capital  depreciation  rate — any  or  all  may  change.  In  pos- 
tulating any  different  outcome  from  the  one  shown  in  table  3, 
one  must  specify  which  of  these  factors  is  likely  to  change, 
by  how  much,  and  when.  These  are  exactly  the  questions  we 
are  addressing  with  our  model,  not  on  a  national  basis,  but 
on  an  aggregated  global  one. 

To  speculate  with  any  degree  of  realism  on  future  growth 
rates  of  population  and  industrial  capital,  we  must  know 
something  more  about  the  other  factors  in  the  world  that 
interact  with  the  population-capital  system.  We  shall  begin 
by  asking  a  very  basic  set  of  questions. 

Can  the  growth  rates  of  population  and  capital  presented 
in  table  3  be  physically  sustained  in  the  world?  How  many 
people  can  be  provided  for  on  this  earth,  at  what  level  of 
wealth,  and  for  how  long?  To  answer  these  questions,  we 
must  look  in  detail  at  those  systems  in  the  world  which  pro- 
vide the  physical  support  for  population  and  economic  growth. 
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CHAPTER  II 


THE 

LIMITS 

TO 

EXPONENTIAL 

GROWTH 

For  which  of  you,  intending  to  build  a 
tower,  sitteth  not  down  first,  and 
counteth  the  cost,  whether  he  have 
sufficient  to  finish  it? 

LUKE  14:28 

What  will  be  needed  to  sustain 
world  economic  and  population  growth  until,  and  perhaps 
even  beyond,  the  year  2000?  The  list  of  necessary  ingredients 
is  long,  but  it  can  be  divided  roughly  into  two  main  categories. 

The  first  category  includes  the  physical  necessities  that  sup- 
port all  physiological  and  industrial  activity — food,  raw  mate- 
rials, fossil  and  nuclear  fuels,  and  the  ecological  systems  of 
the  planet  which  absorb  wastes  and  recycle  important  basic 
chemical  substances.  These  ingredients  are  in  principle  tan- 
gible, countable  items,  such  as  arable  land,  fresh  water,  metals, 
forests,  the  oceans.  In  this  chapter  we  will  assess  the  world's 
stocks  of  these  physical  resources,  since  they  are  the  ultimate 
determinants  of  the  limits  to  growth  on  this  earth. 

The  second  category  of  necessary  ingredients  for  growth 
consists  of  the  social  necessities.  Even  if  the  earth's  physical 
systems  are  capable  of  supporting  a  much  larger,  more  econom- 
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ically  developed  population,  the  actual  growth  of  the  economy 
and  of  the  population  will  depend  on  such  factors  as  peace 
and  social  stability,  education  and  employment,  and  steady 
technological  progress.  These  factors  are  much  more  difficult 
to  assess  or  to  predict.  Neither  this  book  nor  our  world  model 
at  this  stage  in  its  development  can  deal  explicitly  with  these 
social  factors,  except  insofar  as  our  information  about  the 
quantity  and  distribution  of  physical  supplies  can  indicate 
possible  future  social  problems. 

Food,  resources,  and  a  healthy  environment  are  necessary 
but  not  sufficient  conditions  for  growth.  Even  if  they  are  abun- 
dant, growth  may  be  stopped  by  social  problems.  Let  us  assume 
for  the  moment,  however,  that  the  best  possible  social  con- 
ditions will  prevail.  How  much  growth  will  the  physical  system 
then  support?  The  answer  we  obtain  will  give  us  some  esti- 
mate of  the  upper  limits  to  population  and  capital  growth, 
but  no  guarantee  that  growth  will  actually  proceed  that  far. 

FOOD 

In  Zambia,  in  Africa,  260  of  every  thousand  babies  born  are  dead 
before  their  first  birthday.  In  India  and  Pakistan  the  ratio  is  140  of 
every  thousand;  in  Colombia  it  is  82.  Many  more  die  before  they  reach 
school  age;  others  during  the  early  school  years. 

Where  death  certificates  are  issued  for  preschool  infants  in  the  poor 
countries,  death  is  generally  attributed  to  measles,  pneumonia,  dysen- 
tery, or  some  other  disease.  In  fact  these  children  are  more  likely  to  be 
the  victims  of  malnutrition.* 

No  one  knows  exactly  how  many  of  the  world's  people  are 
inadequately  nourished  today,  but  there  is  general  agreement 
that  the  number  is  large — perhaps  50  to  60  percent  of  the 
population  of  the  less  industrialized  countries,*^  which  means 
one-third  of  the  population  of  the  world.  Estimates  by  the 
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Figure  8  PROTEIN  AND  CALORIC  INTAKE 
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Daily  protein  and  calorie  requirements  are  not  being  supplied  to  most 
areas  of  the  world.  Inequalities  of  distribution  exist  not  only  among 
regions,  as  shown  here,  but  also  within  regions.  According  to  the  UN  Food 
and  Agriculture   Organization,   areas  of  greatest  shortage   include    the 
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"Andean  countries,  the  semi-arid  stretches  of  Africa  and  the  Near  East, 
and  some  densely  populated  countries  of  Asia."  Lines  indicating  calories 
and  proteins  required  are  those  estimated  tor  North  Americans.  The  as- 
sumption has  been  made  that  if  diets  in  other  regions  were  sufficient  to 
allow  people  to  reach  full  potential  body  weight,  requirements  would  be 
the  same  everywhere. 

SOURCE:  UN  Food  and  Agriculture  Organization,  Provisional  Indicative  World  Plan  for 
Agricultural  Development  (Rome:  UN  Food  and  Agriculture  Organization,   1970). 

UN  Food  and  Agriculture  Organization  (FAO)  indicate  that 
in  most  of  the  developing  countries  basic  caloric  requirements, 
and  particularly  protein  requirements,  are  not  being  supplied 
(see  figure  8).  Furthermore,  although  total  world  agricultural 
production  is  increasing,  food  production  per  capita  in  the 
nonindustrialized  countries  is  barely  holding  constant  at  its 
present  inadequate  level  (see  figure  9).  Do  these  rather  dismal 
statistics  mean  that  the  limits  of  food  production  on  the  earth 
have  already  been  reached? 

The  primary  resource  necessary  for  producing  food  is  land. 
Recent  studies  indicate  that  there  are,  at  most,  about  3.2  billion 
hectares  of  land  (7.86  billion  acres)  potentially  suitable  for 
agriculture  on  the  earth.^  Approximately  half  of  that  land, 
the  richest,  most  accessible  half,  is  under  cultivation  today. 
The  remaining  land  will  require  immense  capital  inputs  to 
reach,  clear,  irrigate,  or  fertilize  before  it  is  ready  to  produce 
food.  Recent  costs  of  developing  new  land  have  ranged  from 
$215  to  $5,275  per  hectare.  Average  cost  for  opening  land  in 
unsettled  areas  has  been  $1,150  per  hectare.^  According  to  an 
FAO  report,  opening  more  land  to  cultivation  is  not  econom- 
ically feasible,  even  given  the  pressing  need  for  food  in  the 
world  today : 

In  Southern  Asia  ...  in  some  countries  in  Eastern  Asia,  in  the  Near 
East  and  North  Africa,  and  in  certain  parts  of  Latin  America  and 
Africa  .  .  .  there  is  almost  no  scope  for  expanding  the  arable  area. 
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Figure  9  FOOD  PRODUCTION 
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loXa\  food  production  in  the  nonindustrialized  regions  of  ttie  world  tias 
risen  at  about  the  same  rate  as  the  population.  Thus  food  production 
per  capita  has  remained  nearly  constant,  at  a  low  level. 

SOURCE;  UN  Food  and  Agriculture  Organization,  The  State  ol  Food  and  Agriculture  1970 
(Rome:  UN  Food  and  Agriculture  Organization,   1970). 


...  In  the  dryer  regions  it  will  even  be  necessary  to  return  to  perma- 
nent pasture  the  land  which  is  marginal  or  submarginal  for  cultivation. 
In  most  of  Latin  America  and  Africa  South  of  the  Sahara  there  are 
still  considerable  possibilities  for  expanding  cultivated  area,  but  the  costs 
of  development  are  high  and  it  will  be  often  more  economical  to  inten- 
sify utilization  of  the  areas  already  setded.* 

If  the  world's  people  did  decide  to  pay  the  high  capital  costs, 
to  cultivate  all  possible  arable  land,  and  to  produce  as  much 
food  as  possible,  how  many  people  could  theoretically  be  fed  ? 
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Figure  10  ARABLE  LAND 
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Total  world  supply  of  arable  land  is  about  3.2  billion  hectares.  About  0.4 
hectares  per  person  of  arable  land  are  needed  at  present  productivity.  The 
curve  of  land  needed  thus  reflects  the  population  growth  curve.  The 
light  line  after  1970  shows  the  projected  need  for  land,  assuming  that 
world  population  continues  to  grow  at  its  present  rate.  Arable  land 
available  decreases  because  arable  land  is  removed  for  urban-industrial 
use  as  population  grows.  The  dotted  curves  show  land  needed  if  present 
productivity  is  doubled  or  quadrupled. 


The  lower  curve  in  figure  10  shows  the  amount  of  land  needed 
to  feed  the  growing  world  population,  assuming  that  the 
present  world  average  of  0.4  hectares  per  person  is  sufficient. 
(To  feed  the  entire  world  population  at  present  US  standards, 
0.9  hectares  per  person  would  be  required.)  The  upper  curve  in 
figure  10  shows  the  actual  amount  of  arable  land  available 
over  time.  This  line,  slopes  downward  because  each  additional 
person  requires  a  certain  amount  of  land  (0.08  hectares  per 
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person  assumed  here*)  for  housing,  roads,  waste  disposal, 
power  Hnes,  and  other  uses  that  essentially  "pave"  arable  land 
and  make  it  unusable  for  food  production.  Land  loss  through 
erosion  is  not  shown  here,  but  it  is  by  no  means  negligible. 
Figure  10  shows  that,  even  with  the  optimistic  assumption  that 
all  possible  land  is  utilized,  there  will  still  be  a  desperate  land 
shortage  before  the  year  2000  if  per  capita  land  requirements 
and  population  growth  rates  remain  as  they  are  today. 

Figure  10  also  illustrates  some  very  important  general  facts 
about  exponential  growth  within  a  limited  space.  First,  it 
shows  how  one  can  move  within  a  very  few  years  from  a 
situation  of  great  abundance  to  one  of  great  scarcity.  There 
has  been  an  overwhelming  excess  of  potentially  arable  land 
for  all  of  history,  and  now,  within  30  years  (or  about  one 
population  doubling  time),  there  may  be  a  sudden  and  serious 
shortage.  Like  the  owner  of  the  lily  pond  in  our  example  in 
chapter  I,  the  human  race  may  have  very  little  time  to  react 
to  a  crisis  resulting  from  exponential  growth  in  a  finite  space. 

A  second  lesson  to  be  learned  from  figure  10  is  that  precise 
numerical  assumptions  about  the  limits  of  the  earth  are  un- 
important when  viewed  against  the  inexorable  progress  of 
exponential  growth.  We  might  assume,  for  example,  that  no 
arable  land  is  taken  for  cities,  roads,  or  other  nonagricultural 
uses.  In  that  case,  the  land  available  is  constant,  as  shown  by 
the  horizontal  dashed  line.  The  point  at  which  the  two  curves 
cross  is  delayed  by  about  10  years.  Or  we  can  suppose  that  it 
is  possible  to  double,  or  even  quadruple,  the  productivity  of 
the  land  through  advances  in  agricultural  technology  and  in- 

*  Aerial  surveys  of  forty-four  counties  in  the  western  United  States 
from  1950  to  1960  indicate  that  built-on  land  ranged  from  .008  to  .174 
hectares  per  person.® 
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vestments  in  capital,  such  as  tractors,  fertilizer,  and  irrigation 
systems.  The  effects  of  two  different  assumptions  about  in- 
creased productivity  are  shown  by  the  dotted  lines  in  figure 
10.  Each  doubling  of  productivity  gains  about  30  years,  or 
less  than  one  population  doubling  time. 

Of  course,  society  will  not  be  suddenly  surprised  by  the 
"crisis  point"  at  which  the  amount  of  land  needed  becomes 
greater  than  that  available.  Symptoms  of  the  crisis  will  begin 
to  appear  long  before  the  crisis  point  is  reached.  Food  prices 
will  rise  so  high  that  some  people  will  starve;  others  will  be 
forced  to  decrease  the  effective  amount  of  land  they  use  and 
shift  to  lower  quality  diets.  These  symptoms  are  already  appar- 
ent in  many  parts  of  the  world.  Although  only  half  the  land 
shown  in  figure  10  is  now  under  cultivation,  perhaps  10  to  20 
million  deaths  each  year  can  be  attributed  directly  or  indirectly 
to  malnutrition.^" 

There  is  no  question  that  many  of  these  deaths  are  due  to 
the  world's  social  limitations  rather  than  its  physical  ones. 
Yet  there  is  clearly  a  link  between  these  two  kinds  of  limitations 
in  the  food-producing  system.  If  good  fertile  land  were  still 
easily  reached  and  brought  under  cultivation,  there  would  be  no 
economic  barrier  to  feeding  the  hungry,  and  no  difficult  social 
choices  to  make.  The  best  half  of  the  world's  potentially  arable 
land  is  already  cultivated,  however,  and  opening  new  land 
is  already  so  costly  that  society  has  judged  it  "uneconomic." 
This  is  a  social  problem  exacerbated  by  a  physical  limitation. 

Even  if  society  did  decide  to  pay  the  necessary  costs  to  gain 
new  land  or  to  increase  productivity  of  the  land  already  cul- 
tivated, figure  10  shows  how  quickly  rising  population  would 
bring  about  another  "crisis  point."  And  each  successive  crisis 
point  will  cost  more  to  overcome.  Each   doubling  of  yield 
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from  the  land  will  be  more  expensive  than  the  last  one.  We 
might  call  this  phenomenon  the  law  of  increasing  costs.  The 
best  and  most  sobering  example  of  that  law  comes  from  an 
assessment  of  the  cost  of  past  agricultural  gains.  To  achieve  a 
34  percent  increase  in  world  food  production  from  1951  to  1966, 
agriculturalists  increased  yearly  expenditures  on  tractors  by  63 
percent,  annual  investment  in  nitrate  fertilizers  by  146  percent, 
and  annual  use  of  pesticides  by  300  percent.^  ^  The  next  34  per- 
cent increase  will  require  even  greater  inputs  of  capital  and 
resources. 

How  many  people  can  be  fed  on  this  earth?  There  is,  of 
course,  no  simple  answer  to  this  question.  The  answer  depends 
on  the  choices  society  makes  among  various  available  alterna- 
tives. There  is  a  direct  trade-off  between  producing  more  food 
and  producing  other  goods  and  services  needed  or  desired  by 
mankind.  The  demand  for  these  other  goods  and  services  is 
also  increasing  as  population  grows,  and  therefore  the  trade- 
off becomes  continuously  more  apparent  and  more  difficult  to 
resolve.  Even  if  the  choice  were  consistently  to  produce  food 
as  the  first  priority,  however,  continued  population  growth 
and  the  law  of  increasing  costs  could  rapidly  drive  the  system 
to  the  point  where  all  available  resources  were  devoted  to 
producing  food,  leaving  no  further  possibility  of  expansion. 

In  this  section  we  have  discussed  only  one  possible  limit  to 
food  production — arable  land.  There  are  other  possible  limits, 
but  space  does  not  permit  us  to  discuss  them  in  detail  here. 
The  most  obvious  one,  second  in  importance  only  to  land,  is 
the  availability  of  fresh  water.  There  is  an  upper  limit  to  the 
fresh  water  runoff  from  the  land  areas  of  the  earth  each  year, 
and  there  is  also  an  exponentially  increasing  demand  for  that 
water.  We  could  draw  a  graph  exactly  analogous  to  figure  10 
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to  show  the  approach  of  the  increasing  demand  curve  for 
water  to  the  constant  average  supply.  In  some  areas  of  the 
world,  this  limit  will  be  reached  long  before  the  land  limit 
becomes  apparent. 

It  is  also  possible  to  avoid  or  extend  these  limits  by  techno- 
logical advances  that  remove  dependence  on  the  land  (syn- 
thetic food)  or  that  create  new  sources  of  fresh  water  (desalin- 
ization  of  sea  water).  We  shall  discuss  such  innovations  fur- 
ther in  chapter  IV.  For  the  moment  it  is  sufficient  to  recognize 
that  no  new  technology  is  spontaneous  or  without  cost.  The 
factories  and  raw  materials  to  produce  synthetic  food,  the 
equipment  and  energy  to  purify  sea  water  must  all  come  from 
the  physical  world  system. 

The  exponential  growth  of  demand  for  food  results  directly 
from  the  positive  feedback  loop  that  is  novi^  determining  the 
growth  of  human  population.  The  supply  of  food  to  be  ex- 
pected in  the  future  is  dependent  on  land  and  fresh  water  and 
also  on  agricultural  capital,  which  depends  in  turn  on  the 
other  dominant  positive  feedback  loop  in  the  system — the 
capital  investment  loop.  Opening  new  land,  farming  the  sea, 
or  expanding  use  of  fertilizers  and  pesticides  will  require  an 
increase  of  the  capital  stock  devoted  to  food  production.  The 
resources  that  permit  growth  of  that  capital  stock  tend  not 
to  be  renewable  resources,  like  land  or  water,  but  nonrenewable 
resources,  like  fuels  or  metals.  Thus  the  expansion  of  food  pro- 
duction in  the  future  is  very  much  dependent  on  the  avail- 
ability of  nonrenewable  resources.  Are  there  limits  to  the 
earth's  supply  of  these  resources? 

NONRENEWABLE  RESOURCES 

Even  taking  into  account  such  economic  factors  as  increased  prices 
with  decreasing  availability,  it  would  appear  at  present  that  the  quanti- 
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ties  of  platinum,  gold,  zinc,  and  lead  are  not  sufficient  to  meet  demands. 
At  the  present  rate  of  expansion  .  .  .  silver,  tin,  and  uranium  may  be  in 
short  supply  even  at  higher  prices  by  the  turn  of  the  century.  By  the 
year  2050,  several  more  minerals  may  be  exhausted  if  the  current  rate 
of  consumption  continues. 

Despite  spectacular  recent  discoveries,  there  are  only  a  limited  num- 
ber of  places  left  to  search  for  most  minerals.  Geologists  disagree  about 
the  prospects  for  finding  large,  new,  rich  ore  deposits.  Reliance  on  such 
discoveries  would  seem  unwise  in  the  long  term.^^ 

Table  4  lists  some  of  the  more  important  mineral  and  fuel 
resources,  the  vital  raw  materials  for  today's  major  industrial 
processes.  The  number  following  each  resource  in  column  3 
is  the  static  reserve  index,  or  the  number  of  years  present 
known  reserves  of  that  resource  (listed  in  column  2)  will  last 
at  the  current  rate  of  usage.  This  static  index  is  the  measure 
normally  used  to  express  future  resource  availability.  Under- 
lying the  static  index  are  several  assumptions,  one  of  which 
is  that  the  usage  rate  will  remain  constant. 

But  column  4  in  table  4  shows  that  the  world  usage  rate 
of  every  natural  resource  is  growing  exponentially.  For  many 
resources  the  usage  rate  is  growing  even  faster  than  the  popu- 
lation, indicating  both  that  more  people  are  consuming 
resources  each  year  and  also  that  the  average  consumption  per 
person  is  increasing  each  year.  In  other  words,  the  exponential 
growth  curve  of  resource  consumption  is  driven  by  both  the 
positive  feedback  loops  of  population  growth  and  of  capital 
growth. 

We  have  already  seen  in  figure  10  that  an  exponential  in- 
crease in  land  use  can  very  quickly  run  up  against  the  fixed 
amount  of  land  available.  An  exponential  increase  in  resource 
consumption  can  rapidly  diminish  a  fixed  store  of  resources 
in  the  same  way.  Figure  11,  which  is  similar  to  figure  10,  illus- 
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TabiA  4  NONRENEWABLE  NATURAL  RESOURCES 
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Copper  308XlO«tons  36        5.8    4.6    3.4  21  48 


Gold 


353  X10«  troy  oz        11        4.8    4.1     3.4'  9  29 


Iron 


1X10"  tons  240        2.3     1.8     1.3  93        173 


Lead 


91X108  tons  26        2.4    2.0     1.7  21  64 


Manganese         8X10^  tons  97        3.5     2.9    2.4  46  94 


Mercury  3.34X  10«  flasks         13        3.1     2.6    2.2  13  41 
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Countries  or  Areas 
with  Highest  Reserves 
(%  of  world  total)' 


Prime  Producers 
(%  of  world  total)' 


US  Con- 

n  ■        ,0  sumption 

Prime  Consumers  /, 

(%  of  world  total)"   V^^ 
World 

Total* 


Australia  (33) 
Guinea  (20) 
Jamaica  (10) 


Jamaica  (19) 
Surinam  (12) 


US  (42) 
USSR  (12) 


42 


Rep.  of  S.Africa  (75) 


USSR  (30) 
Turkey  (10) 


19 


US  (32) 
USSR-China  (53) 


USSR  (20) 
US  (13) 


44 


Rep.  of  Congo  (31) 
Zambia  (16) 


Rep.  of  Congo  (51) 


32 


US  (28) 
Chile  (19) 


US  (20) 
USSR  (15) 
Zambia  (13) 


US  (33) 
USSR  (13) 
Japan  (11) 


33 


Rep.  of  S.  Africa  (40) 


Rep.  of  S.Africa  (77) 
Canada  (6) 


26 


USSR  (33) 
S.Am.  (18) 
Canada  (14) 


USSR  (25) 
US  (14) 


US  (28) 

USSR  (24) 

W.  Germany  (7) 


28 


US  (39) 


USSR  (13) 
Australia  (13) 
Canada  (11) 


US  (25) 

USSR  (13) 

W.  Germany  (11) 


25 


Rep.  of  S.Africa  (38) 
USSR  (25) 


USSR  (34) 
Brazil  (13) 
Rep.ofS.  Africa  (13) 


14 


Spain  (30) 
Italy  (21) 


Spain  (22) 
Italy  (21) 
USSR  (18) 


24 


no 


1 2 3 4 5         6 

Exponen- 
tial Index 

„     .        ,  „  „  Calculated 

Known  Static  Projected  Rate      Exponen-     j. 

Resource  Global  Index  of  Growth         tial  Index    ,  —  • 

Reserves'  (years)"      (%  per  Year)''      (years)"    j^^^J^ 

High  Av.  Low  Reserves 

(years) 


Molybdenum     lO.SXlOMbs 

79 

5.0    4.5    4.0 

34 

65 

Natural  Gas   l.HXlOi^cu  ft 

38 

5.5     4.7    3.9 

22 

49 

Nickel  147Xl0Mbs  150        4.0    3.4    2.8  53  96 


Petroleum 

455  XIO^  bbls 

31 

4.9 

3.9 

2.9 

20 

50 

Platinum 
Group  "■ 

429X10^  troy  oz 

130 

4.5 

3.8 

3.1 

47 

85 

Silver 

5.5X10^  troy  oz 

16 

4.0 

2.7 

1.5 

13 

42 

Tin 

4.3  XlOMg  tons 

17 

2.3 

1.1 

0 

15 

61 

Tungsten 

2.9XlOMbs 

40 

2.9 

2.5 

2.1 

28 

72 

Zinc 

123X106  tons 

23 

3.3 

2.9 

2.5 

18 

50 

I 
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Countries  or  Areas 
with  Highest  Reserves 
(%  of  world  total) ' 


Prime  Producers 
(%  of  world  total )^ 


Prime  Consumers 
(%  of  world  total )^ 


US  Con- 
sumption 
as  %  of 
World 
Total' 


US  (58) 
USSR  (20) 


US  (64) 
Canada  (14) 


40 


US  (25) 
USSR  (13) 


US  (58) 
USSR  (18) 


63 


Cuba  (25)  Canada  (42) 

New  Caledonia  (22)  New  Caledonia  (28) 

USSR  (14)  USSR  (16) 
Canada  (14) 


38 


Saudi  Arabia  (17) 
Kuwait  (15) 

US  (23) 
USSR  (16) 

US  (33) 
USSR    (12) 
Japan  (6) 

33 

Rep.  of  S.Africa  (47) 
USSR  (47) 

USSR  (59) 

31 

Communist 

Countries  (36) 
US  (24) 

Canada  (20) 
Mexico  (17) 
Peru  (16) 

US   (26) 

W.  Germany   (11) 

26 

Thailand  (33) 
Malaysia  (14) 

Malaysia  (41) 
Bolivia  (16) 
Thailand  (13) 

US  (24) 
Japan   (14) 

24 

China  (73) 

China  (25) 
USSR  (19) 
US  (14) 

22 

US  (27) 
Canada  (20) 

Canada  (23) 
USSR  (11) 
US  (8) 

US  (26) 
Japan  (13) 
USSR  (11) 

26 
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■  source:  us  Bureau  of  Mines,  Mineral  Facts  and  Problems,  1970  (Washington, 
DC:  Government  Printing  Office,  1970). 

The  number  of  years  known  global  reserves  will  last  at  current  global  consump- 
tion. Calculated  by  dividing  known  reserves  (column  2)  by  the  current  annual 
consumption  (US  Bureau  of  Mines,  Mineral  Facts  and  Problems,  1970). 

'"source:    us  Bureau  of  Mines,  Mineral  Facts  and  Problems,  1970. 

The  number  of  years  known  global  reserves  will  last  with  consumption  growing 
exponentially  at  the  average  annual  rate  of  growth.    Calculated  by  the  formula 
exponential  index  =  In  ((r  •  s)  +  1) 

r 
where  r  =:  average  rate  of  growth  from  column  4 
s  =  static  index  from  column  3. 
The  number  of  years  that  five  times  known  global  reserves  will  last  with  con- 
sumption growing  exponentially  at  the  average  annual  rate  of  growth.    Calcu- 
lated from  the  above  formula  with  5s  in  place  of  s. 

'   source:  us  Bureau  of  Mines,  Mineral  Facts  and  Problems,  1970. 

*  source:    UN  Department  of  Economic  and  Social  Affairs,  Statistical  Yearbook. 
1969  (New  York:  United  Nations,  1970). 

''  sources:    Yearbook  of  the  American  Bureau  of  Metal  Statistics  1970  (York,  Pa.: 
Maple  Press,  1970). 

World  Petroleum  Report  (New  York:  Mona  Palmer  Publishing,  1968). 
UN  Economic  Commission  for  Europe,  The  World  Market  for  Iron  Ore  (New 
York:  United  Nations,   1968). 
US  Bureau  of  Mines,  Mineral  Facts  and  Problems,  1970. 

'  source:  us  Bureau  of  Mines,  Mineral  Facts  and  Problems,  1970. 

'    Bauxite  expressed  in  aluminum  equivalent. 

US  Bureau  of  Mines  contingency  forecasts,  based  on  assumptions  that  coal  will 
be  used  to  synthesize  gas  and  liquid  fuels. 

Includes  US  Bureau  of  Mines  estimates  of  gold  demand  for  hoarding. 

"  The  platinum  group  metals  are  platinum,  palladium,  iridium,  osmium,  rhodium, 
and  ruthenium. 

ADDITIONAL    SOURCES: 

P.  T.  Flawn,  Mineral  Resources  (Skokie,  111.:  Rand  McNally,  1966). 
Metal  Statistics  (Somerset,  NJ:  American  Metal  Market  Company,  1970). 
US  Bureau  of  Mines,  Commodity  Data  Summary  (Washington,  DC:  Govern- 
ment Printing  Office,  January   1971). 
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trates  the  effect  of  exponentially  increasing  consumption  of  a 
given  initial  amount  of  a  nonrenewable  resource.  The  example 
in  this  case  is  chromium  ore,  chosen  because  it  has  one  of  the 
longest  static  reserve  indices  of  all  the  resources  listed  in  table  4. 
We  could  draw  a  similar  graph  for  each  of  the  resources  listed 
in  the  table.  The  time  scales  for  the  resources  would  vary,  but 
the  general  shape  of  the  curves  would  be  the  same. 

The  world's  known  reserves  of  chromium  are  about  775  mil- 
lion metric  tons,  of  which  about  1.85  million  metric  tons  are 
mined  annually  at  present.^^  Thus,  at  the  current  rate  of  use, 
the  known  reserves  would  last  about  420  years.  The  dashed 
line  in  figure  11  illustrates  the  linear  depletion  of  chromium 
reserves  that  would  be  expected  under  the  assumption  of  con- 
stant use.  The  actual  world  consumption  of  chromium  is 
increasing,  however,  at  the  rate  of  2.6  percent  annually.^^  The 
curved  solid  lines  in  figure  11  show  how  that  growth  rate,  if 
it  continues,  will  deplete  the  resource  stock,  not  in  420  years, 
as  the  linear  assumption  indicates,  but  in  just  95  years.  If  we 
suppose  that  reserves  yet  undiscovered  could  increase  present 
known  reserves  by  a  factor  of  five,  as  shown  by  the  dotted  line, 
this  fivefold  increase  would  extend  the  lifetime  of  the  reserves 
only  from  95  to  154  years.  Even  if  it  were  possible  from  1970 
onward  to  recycle  100  percent  of  the  chromium  (the  horizontal 
line)  so  that  none  of  the  initial  reserves  were  lost,  the  demand 
would  exceed  the  supply  in  235  years. 

Figure  11  shows  that  under  conditions  of  exponential  growth 
in  resource  consumption,  the  static  reserve  index  (420  years  for 
chromium)  is  a  rather  misleading  measure  of  resource  avail- 
ability. We  might  define  a  new  index,  an  "exponential  reserve 
index,"  which  gives  the  probable  lifetime  of  each  resource, 
assuming  that  the  current  growth  rate  in  consumption  will 


Figure  11  CHROMIUM  RESERVES 
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The  lifetime  of  i^nown  chromium  reserves  depends  on  the  future  usage 
rate  of  chromium.  If  usage  remains  constant,  reserves  will  be  depleted 
linearly  (dashed  line)  and  will  last  420  years.  If  usage  increases  exponen- 
tially at  its  present  growth  rate  of  2.6  percent  per  year,  reserves  will  be 
depleted  in  just  95  years.  If  actual  reserves  are  five  times  present  proven 
reserves,  chromium  ore  will  be  available  for  154  years  (dotted  line),  assum- 
ing exponential  growth  in  usage.  Even  if  all  chromium  is  perfectly  recycled, 
starting  in  1970,  exponentially  growing  demand  will  exceed  the  supply 
after  235  years  (horizontal  line). 

continue.  We  have  included  this  index  in  column  5  of  table  4. 
We  have  also  calculated  an  exponential  index  on  the  assump- 
tion that  our  present  known  reserves  of  each  resource  can  be 
expanded  fivefold  by  new  discoveries.  This  index  is  shown  in 
column  6.  The  effect  of  exponential  growth  is  to  reduce  the 
probable  period  of  availability  of  aluminum,  for  example,  from 
100  years  to  31  years  (55  years  with  a  fivefold  increase  in 
reserves).  Copper,  with  a  36-year  lifetime  at  the  present  usage 
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rate,  would  actually  last  only  21  years  at  the  present  rate  of 
growth,  and  48  years  if  reserves  are  multiplied  by  five.  It  is 
clear  that  the  present  exponentially  growing  usage  rates  greatly 
diminish  the  length  of  time  that  wide-scale  economic  growth 
can  be  based  on  these  raw  materials. 

Of  course  the  actual  nonrenewable  resource  availability  in 
the  next  few  decades  will  be  determined  by  factors  much  more 
complicated  than  can  be  expressed  by  either  the  simple  static 
reserve  index  or  the  exponential  reserve  index.  We  have  studied 
this  problem  with  a  detailed  model  that  takes  into  account 
the  many  interrelationships  among  such  factors  as  varying 
grades  of  ore,  production  costs,  new  mining  technology,  the 
elasticity  of  consumer  demand,  and  substitution  of  other  re- 
sources.* Illustrations  of  the  general  conclusions  of  this  model 

follow. 

Figure  12  is  a  computer  plot  indicating  the  future  avail- 
ability of  a  resource  with  a  400-year  static  reserve  index  in 
the  year  1970,  such  as  chromium.  The  horizontal  axis  is  time 
in  years;  the  vertical  axis  indicates  several  quantities,  including 
the  amount  of  reserves  remaining  (labeled  reserves),  the 
amount  used  each  year  (usage  rate),  the  extraction  cost  per 
unit  of  resource  (actual  cost),  the  advance  of  mining  and 
processing  technology  (indicated  by  a  t),  and  the  fraction  of 
original  use  of  the  resource  that  has  been  shifted  to  a  substitute 
resource  (f). 

At  first  the  annual  consumption  of  chromium  grows  expo- 
nentially, and  the  stock  of  the  resource  is  rapidly  depleted. 
The  price  of  chromium  remains  low  and  constant  because  new 
developments  in  mining  technology  allow  efficient  use  of  lower 

*  A  more  complete  description  of  this  model  is  presented  in  the  papers 
by  WilHam  W.  Behrens  III  listed  in  the  appendix. 
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Figure  12  CHROMIUM  AVAILABILITY 
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This  figure  presents  a  computer  calculation  of  the  economic  factors  in  the 
availability  of  a  resource  (chromium)  with  a  400-year  static  reserve  index. 
Exponential  growth  in  consumption  is  eventually  stopped  by  rising  costs  as 
initial  reserves  are  depleted,  even  though  the  technology  of  extraction  and 
processing  is  also  increasing  exponentially.  The  usage  rate  falls  to  zero 
after  125  years,  at  which  point  60  percent  of  the  original  uses  have  been 
substituted  by  another  resource. 

SOURCE:  William  W.  Behrens  III,  "The  Dynamics  of  Natural  Resource  Utilization."  Paper 
presented  at  the  1971  Computer  Simulation  Conference,  Boston,  Massachusetts,  July  1971. 


and  lower  grades  of  ore.  As  demand  continues  to  increase, 
however,  the  advance  of  technology  is  not  fast  enough  to 
counteract  the  rising  costs  of  discovery,  extraction,  processing. 
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Figure  13  CHROMIUM  AVAILABILITY  WITH 
DOUBLE  THE  KNOWN  RESERVES 
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//  a  discovery  in  1970  doubles  the  known  reserves  of  the  resource  (static 
reserve  index  800  years),  exponential  growth  in  the  usage  rate  is  prolonged, 
and  the  usage  rate  reaches  a  high  value.  Reserves  are  depleted  very 
rapidly  during  the  peak  in  usage  rate,  however.  Because  of  this  rapid 
depletion,  the  effect  of  doubling  the  reserves  is  not  to  double  the  resource 
lifetime,  but  merely  to  extend  it  from  125  to  145  years. 

SOURCE:  William  W.   Behrens,   III,   "The  Dynamics  of  Natural   Resource  Utilization." 

and  distribution.  Price  begins  to  rise,  slowly  at  first  and  then 
very  rapidly.  The  higher  price  causes  consumers  to  use  chro- 
mium more  efficiently  and  to  substitute  other  metals  for 
chromium  whenever  possible.  After  125  years,  the  remaining 
chromium,  about  5  percent  of  the  original  supply,  is  available 
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only  at  prohibitively  high  cost,  and  mining  of  new  supplies 
has  fallen  essentially  to  zero. 

This  more  realistic  dynamic  assumption  about  the  future 
use  of  chromium  yields  a  probable  lifetime  of  125  years,  which 
is  considerably  shorter  than  the  lifetime  calculated  from  the 
static  assumption  (400  years),  but  longer  than  the  lifetime 
calculated  from  the  assumption  of  constant  exponential  growth 
(95  years).  The  usage  rate  in  the  dynamic  model  is  neither 
constant  nor  continuously  increasing,  but  bell-shaped,  with  a 
growth  phase  and  a  phase  of  decline. 

The  computer  run  shown  in  figure  13  illustrates  the  effect 
of  a  discovery  in  1970  that  doubles  the  remaining  known 
chromium  reserves.  The  static  reserve  index  in  1970  becomes 
800  years  instead  of  400.  As  a  result  of  this  discovery,  costs 
remain  low  somewhat  longer,  so  that  exponential  growth  can 
continue  longer  than  it  did  in  figure  12.  The  period  during 
which  use  of  the  resource  is  economically  feasible  is  increased 
from  125  years  to  145  years.  In  other  words,  a  doubling  of  the 
reserves  increases  the  actual  period  of  use  by  only  20  years. 

The  earth's  crust  contains  vast  amounts  of  those  raw  mate- 
rials which  man  has  learned  to  mine  and  to  transform  into 
useful  things.  However  vast  those  amounts  may  be,  they  are 
not  infinite.  Now  that  we  have  seen  how  suddenly  an  expo- 
nentially growing  quantity  approaches  a  fixed  upper  limit, 
the  following  statement  should  not  come  as  a  surprise.  Given 
present  resource  consumption  rates  and  the  projected  increase 
in  these  rates,  the  great  majority  of  the  currently  important 
nonrenewable  resources  will  be  extremely  costly  loo  years  from 
now.  The  above  statement  remains  true  regardless  of  the  most 
optimistic  assumptions  about  undiscovered  reserves,  techno- 
logical  advances,  substitution,  or  recycling,  as  long  as  the 
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demand  for  resources  continues  to  grow  exponentially.  The 
prices  of  those  resources  with  the  shortest  static  reserve  indices 
have  already  begun  to  increase.  The  price  of  mercury,  for 
example,  has  gone  up  500  percent  in  the  last  20  years;  the 
price  of  lead  has  increased  300  percent  in  the  last  30  years." 

The  simple  conclusions  we  have  drawn  by  considering  total 
world  reserves  of  resources  are  further  complicated  by  the 
fact  that  neither  resource  reserves  nor  resource  consumption 
are  distributed  evenly  about  the  globe.  The  last  four  columns 
of  table  4  show  clearly  that  the  industrialized,  consum- 
ing countries  are  heavily  dependent  on  a  network  of  interna- 
tional agreements  with  the  producing  countries  for  the  supply 
of  raw  materials  essential  to  their  industrial  base.  Added  to 
the  difl&cult  economic  question  of  the  fate  of  various  industries 
as  resource  after  resource  becomes  prohibitively  expensive  is 
the  imponderable  political  question  of  the  relationships  be- 
tween producer  and  consumer  nations  as  the  remaining 
resources  become  concentrated  in  more  limited  geographical 
areas.  Recent  nationalization  of  South  American  mines  and 
successful  Middle  Eastern  pressures  to  raise  oil  prices  suggest 
that  the  political  question  may  arise  long  before  the  ultimate 
economic  one. 

Are  there  enough  resources  to  allow  the  economic  develop- 
ment of  the  7  billion  people  expected  by  the  year  2000  to  a 
reasonably  high  standard  of  living?  Once  again  the  answer 
must  be  a  conditional  one.  It  depends  on  how  the  major 
resource-consuming  societies  handle  some  important  decisions 
ahead.  They  might  continue  to  increase  resource  consumption 
according  to  the  present  pattern.  They  might  learn  to  reclaim 
and  recycle  discarded  materials.  They  might  develop  new 
designs  to  increase  the  durability  of  products  made  from  scarce 
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resources.  They  might  encourage  social  and  economic  patterns 
that  would  satisfy  the  needs  of  a  person  while  minimizing, 
rather  than  maximizing,  the  irreplaceable  substances  he  pos- 
sesses and  disperses. 

All  of  these  possible  courses  involve  trade-ofl^s.  The  trade- 
offs are  particularly  difficult  in  this  case  because  they  involve 
choosing  between  present  benefits  and  future  benefits.  In  order 
to  guarantee  the  availability  of  adequate  resources  in  the  future, 
policies  must  be  adopted  that  will  decrease  resource  use  in  the 
present.  Most  of  these  policies  operate  by  raising  resource  costs. 
Recycling  and  better  product  design  are  expensive;  in  most 
parts  of  the  world  today  they  are  considered  "uneconomic." 
Even  if  they  were  effectively  instituted,  however,  as  long  as  the 
driving  feedback  loops  of  population  and  industrial  growth 
continue  to  generate  more  people  and  a  higher  resource 
demand  per  capita,  the  system  is  being  pushed  toward  its 
limit — the  depletion  of  the  earth's  nonrenewable  resources. 

What  happens  to  the  metals  and  fuels  extracted  from  the 
earth  after  they  have  been  used  and  discarded?  In  one  sense 
they  are  never  lost.  Their  constituent  atoms  are  rearranged  and 
eventually  dispersed  in  a  diluted  and  unusable  form  into 
the  air,  the  soil,  and  the  waters  of  our  planet.  The  natural 
ecological  systems  can  absorb  many  of  the  effluents  of  human 
activity  and  reprocess  them  into  substances  that  are  usable  by, 
or  at  least  harmless  to,  other  forms  of  life.  When  any  effluent 
is  released  on  a  large  enough  scale,  however,  the  natural  absorp- 
tive mechanisms  can  become  saturated.  The  wastes  of  human 
civilization  can  build  up  in  the  environment  until  they  become 
visible,  annoying,  and  even  harmful.  Mercury  in  ocean  fish, 
lead  particles  in  city  air,  mountains  of  urban  trash,  oil  slicks 
on  beaches — these  are  the  results  of  the  increasing  flow  of 
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resources  into  and  out  of  man's  hands.  It  is  little  wonder, 
then,  that  another  exponentially  increasing  quantity  in  the 
world  system  is  pollution. 

POLLUTION 

Many  people  .  .  .  are  concluding  on  the  basis  of  mounting  and  reason- 
ably objective  evidence  that  the  length  of  life  of  the  biosphere  as  an 
inhabitable  region  for  organisms  is  to  be  measured  in  decades  rather 
than  in  hundreds  of  millions  of  years.  This  is  entirely  the  fault  of  our 
own  species. ^^ 

Man's  concern  for  the  effect  of  his  activities  on  the  natural 
environment  is  only  very  recent.  Scientific  attempts  to  measure 
this  effect  are  even  more  recent  and  still  very  incomplete.  We 
are  certainly  not  able,  at  this  time,  to  come  to  any  final  con- 
clusion about  the  earth's  capacity  to  absorb  pollution.  We  can, 
however,  make  four  basic  points  in  this  section,  which  illus- 
trate, from  a  dynamic,  global  perspective,  how  difficult  it  will 
be  to  understand  and  control  the  future  state  of  our  ecological 
systems.  These  points  are: 

1.  The  few  kinds  of  pollution  that  actually  have  been  mea- 
sured over  time  seem  to  be  increasing  exponentially. 

2.  We  have  almost  no  knowledge  about  where  the  upper  limits 
to  these  pollution  growth  curves  might  be. 

3.  The  presence  of  natural  delays  in  ecological  processes  in- 
creases the  probability  of  underestimating  the  control  measures 
necessary,  and  therefore  of  inadvertently  reaching  those  upper 
limits. 

4.  Many  pollutants  are  globally  distributed;  their  harmful 
effects  appear  long  distances  from  their  points  of  generation. 

It  is  not  possible  to  illustrate  each  of  these  four  points  for 
each  type  of  pollutant,  both  because  of  the  space  limitations 
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Figure  14  ENERGY  CONSUMPTION  AND  GNP  PER  CAPITA 
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Although  the  nations  of  the  world  consume  greatly  varying  amounts  of 
energy  per  capita,  energy  consumption  correlates  fairly  well  with  total 
output  per  capita  (GNP  per  capita).  The  relationship  is  generally  linear, 
with  the  scattering  of  points  due  to  differences  in  climate,  local  fuel  prices, 
and  emphasis  on  heavy  industry. 

SOURCES:  Energy  consumption  from  UN  Department  of  Economic  and  Social  Affairs, 
Statistical  Yearbook  1969  (New  York:  United  Nations,  1970).  GNP  per  capita  from  World 
Bank  Atlas  (Washington,  DC:  International  Bank  for  Reconstruction  and  Development, 
1970). 
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of  this  book  and  because  of  the  limitations  of  available  data. 
Therefore  we  shall  discuss  each  point  using  as  examples  those 
pollutants  which  have  been  most  completely  studied  to  date. 
It  is  not  necessarily  true  that  the  pollutants  mentioned  here 
are  the  ones  of  greatest  concern  (although  they  are  all  of  some 
concern).  They  are,  rather,  the  ones  we  understand  best. 

Exponentially  increasing  pollution 

Virtually  every  pollutant  that  has  been  measured  as  a  function 
of  time  appears  to  be  increasing  exponentially.  The  rates  of 
increase  of  the  various  examples  shown  below  vary  greatly, 
but  most  are  growing  faster  than  the  population.  Some  pol- 
lutants are  obviously  directly  related  to  population  growth 
(or  agricultural  activity,  which  is  related  to  population 
growth).  Others  are  more  closely  related  to  the  growth  of 
industry  and  advances  in  technology.  Most  pollutants  in  the 
complicated  world  system  are  influenced  in  some  way  by  both 
the  population  and  the  industrialization  positive  feedback 
loops. 

Let  us  begin  by  looking  at  the  pollutants  related  to  mankind's 
increasing  use  of  energy.  The  process  of  economic  development 
is  in  effect  the  process  of  utilizing  more  energy  to  increase  the 
productivity  and  efficiency  of  human  labor,  In  fact,  one  of  the 
best  indications  of  the  wealth  of  a  human  population  is  the 
amount  of  energy  it  consumes  per  person  (see  figure  14).  Per 
capita  energy  consumption  in  the  world  is  increasing  at  a  rate 
of  1.3  percent  per  year,^^  which  means  a  total  increase,  includ- 
ing population  growth,  of  3.4  percent  per  year. 

At  present  about  97  percent  of  mankind's  industrial  energy 
production  comes  from  fossil  fuels  (coal,  oil,  and  natural 
gas)."  When  these  fuels  are  burned,  they  release,  among  other 
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Figure  15  CARBON  DIOXIDE  CONCENTRATION 
IN  THE  ATMOSPHERE 

parts  per  million  by  volume 
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Atmospheric  concentration  of  COi,  observed  since  1958  at  Mauna  Loa, 
Hawaii,  has  increased  steadily.  At  present  the  increase  averages  about 
1.5  part  per  million  (ppm)  each  year.  Calculations  including  the  known 
exchanges  of  CO:  between  atmosphere,  biosphere,  and  oceans  predict  that 
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the  CO2  concentration  wilt  reach  380  ppm  by  the  year  2000,  an  increase  of 
nearly  30  percent  of  the  probable  value  in  1860.  The  source  of  this  ex- 
ponential increase  in  atmospheric  CO2  is  man's  increasing  combustion  of 
fossil  fuels. 

SOURCE:  Lester  Machta,  "The  Role  of  the  Oceans  and  Biosphere  in  the  Carbon  Dioxide 
Cycle."  Paper  presented  at  Nobel  Symposium  20  "The  Changing  Chemistry  of  the 
Oceans,"  Goteborg,  Sweden,  August  1971. 

substances,  carbon  dioxide  (CO2)  into  the  atmosphere.  Cur- 
rently about  20  biUion  tons  of  CO2  are  being  released  from 
fossil  fuel  combustion  each  year.^^  As  figure  15  shows,  the  mea- 
sured amount  of  CO2  in  the  atmosphere  is  increasing  exponen- 
tially, apparently  at  a  rate  of  about  0.2  percent  per  year.  Only 
about  one  half  of  the  COo  released  from  burning  fossil  fuels 
has  actually  appeared  in  the  atmosphere — the  other  half  has 
apparently  been  absorbed,  mainly  by  the  surface  water  of  the 
oceans. 

If  man's  energy  needs  are  someday  supplied  by  nuclear 
power  instead  of  fossil  fuels,  this  increase  in  atmospheric  CO2 
will  eventually  cease,  one  hopes  before  it  has  had  any  measur- 
able ecological  or  climatological  effect. 

There  is,  however,  another  side-effect  of  energy  use,  which 
is  independent  of  the  fuel  source.  By  the  laws  of  thermo- 
dynamics, essentially  all  of  the  energy  used  by  man  must 
ultimately  be  dissipated  as  heat.  If  the  energy  source  is  some- 
thing other  than  incident  solar  energy  (e.g.,  fossil  fuels  or 
atomic  energy),  that  heat  will  result  in  warming  the  atmos- 
phere, either  directly,  or  indirectly  through  radiation  from 
water  used  for  cooling  purposes.  Locally,  waste  heat  or  "ther- 
mal pollution"  in  streams  causes  disruption  in  the  balance  of 
aquatic  life.'*'  Atmospheric  waste  heat  around  cities  causes 
the  formation  of  urban  "heat  islands,"  within  which  many 
meteorological  anomalies  occur.^^  Thermal  pollution  may  have 
serious  climatic  effects,  worldwide,  when  it  reaches  some  appre- 
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Figure  16  WASTE  HEAT  GENERATION  IN  THE 
LOS  ANGELES  BASIN 
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Waste  heat  released  over  the  4,000  square  mile  area  of  the  Los  Angeles 
basin  currently  amounts  to  about  5  percent  of  the  total  solar  energy  ab- 
sorbed at  the  ground.  At  the  present  rate  of  growth,  thermal  release  will 
reach  18  percent  of  incoming  solar  energy  by  the  year  2000.  This  heat,  the 
result  of  all  energy  generation  and  consumption  processes,  is  already 
affecting  the  local  climate. 

SOURCE:  L.  Lees  in  Man's  Impact  on  the  Global  Environment,  Report  of  the  Study  of 
Critical   Environmental   Problems   (Cambridge,   Mass.:   MIT   Press,   1970). 

ciable  fraction  of  the  energy  normally  absorbed  by  the  earth 
from  the  sun.^^  In  figure  16,  the  level  of  thermal  pollution 
projected  for  one  large  city  is  shown  as  a  fraction  of  incident 
solar  energy. 

Nuclear  power  will  produce  yet  another  kind  of  pollutant 
— radioactive  wastes.  Since  nuclear  power  now  provides  only 
an  insignificant  fraction  of  the  energy  used  by  man,  the  pos- 
sible environmental  impact  of  the  wastes  released  by  nuclear 
reactors  can  only  be  surmised.  Some  idea  may  be  gained,  how- 
ever, by  the  actual  and  expected  releases  of  radioactive  isotopes 
from  the  nuclear  power  plants  being  built  today.  A  partial 
list  of  the  expected  annual  discharge  to  the  environment  of  a 
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Figure  17  NUCLEAR  WASTES 
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.Installed  nuclear  generating  capacity  in  the  United  States  is  expected  to 
grow  from  11  thousand  megawatts  in  1970  to  more  than  900  thousand 
megawatts  in  the  year  2000.  Total  amount  of  stored  nuclear  wastes,  radio- 
active by-products  of  the  energy  production,  will  probably  exceed  one 
thousand  billion  Curies  by  that  year.  Annual  release  of  nuclear  wastes, 
mostly  in  the  form  of  l<rypton  gas  and  tritium  in  cooling  water,  will  reach 
25  million  Curies,  if  present  release  standards  are  still  in  effect. 

SOURCES:  Installed  capacity  to  1985  from  US  Atomic  Energy  Commission,  Forecast  of 
Growth  of  Nuclear  Power  (Washington,  DC:  Government  Printing  Office,  1971).  Installed 
capacity  to  2000  from  Chauncey  Starr,  "Energy  and  Power,"  Scientific  American,  Sep- 
tember 1971.  Stored  nuclear  wastes  from  J.  A.  Snow,  "Radioactive  Waste  from  Reactors," 
Scientist  and  Citizen  9  (1967).  Annual  release  of  nuclear  wastes  calculated  from  specifica- 
tions for  1.6  thousand  megawatt  plant  in  Calvert  Cliffs,  Maryland. 

1.6  million  kilowatt  plant  now  under  construction  in  the 
United  States  includes  42,800  Curies  *  of  radioactive  krypton 

*  A  Curie  is  the  radioactive  equivalent  of  one  gram  of  radium.  This  is 
such  a  large  amount  of  radiation  that  environmental  concentrations  are 
usually  expressed  in  microcuries  (millionths  of  a  Curie). 
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Figure  18  CHANGES  IN  CHEMICAL  CHARACTERISTICS  AND 
COMMERCIAL  FISH  PRODUCTION  IN  LAKE  ONTARIO 
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As  a  result  of  heavy  dumping  of  municipal,  industrial,  and  agricultural 
wastes  into  Lake  Ontario,  the  concentrations  of  numerous  salts  have  been 
rising  exponentially.  The  chemical  changes  in  the  lake  have  resulted  in 
severe  declines  in  the  catches  of  most  commercially  valuable  fish.  It  should 
be  noted  that  the  plotting  scale  for  fish  catch  is  logarithmic,  and  thus  the 
fish  catch  has  decreased  by  factors  of  100  to  1,000  for  most  species. 
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SOURCE:  A.  M.  Beelon,  Statement  on  Pollution  and  Eutrophication  of  the  Great  Lakes, 
The  University  of  Wisconsin  Center  for  Great  Lakes  Studies  Special  Report  #11  (Milwau- 
kee, Wise:  University  of  Wisconsin,  1970). 
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Figure  19  OXYGEN  CONTENT  OF  THE  BALTIC  SEA 
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Increasing  accumulation  of  organic  wastes  in  the  Baltic  Sea,  where  water 
circulation  is  minimal,  has  resulted  in  a  steadily  decreasing  oxygen  con- 
centration in  the  water.  In  some  areas,  especially  in  deeper  waters,  oxygen 
concentration  is  zero  and  almost  no  forms  of  aquatic  life  can  be  supported. 

SOURCE:  Stig  H.  Fonselius,  "Stagnant  Sea,"  Environment,  July/August  1970. 

(half -life  ranging  from  a  few  hours  to  9.4  years,  depending  on 
the  isotope)  in  the  stack  gases,  and  2,910  Curies  of  tritium 
(half-life  12.5  years)  in  the  waste  water.^^  Figure  17  shows 
how  the  nuclear  generating  capacity  of  the  United  States  is 
expected  to  grow  from  now  until  the  year  2000.  The  graph 
also  includes  an  estimate  of  radioactive  wastes  annually  re- 
leased by  these  nuclear  power  plants  and  of  accumulated 
wastes  (from  spent  reactor  fuels)  that  will  have  to  be  safely 
stored. 

Carbon  dioxide,  thermal  energy,  and  radioactive  wastes  are 
just  three  of  the  many  disturbances  man  is  inserting  into  the 
environment  at  an  exponentially  increasing  rate.  Other  ex- 
amples are  shown  in  figures  18-21. 

Figure  18  shows  the  chemical  changes  occurring  in  a  large 
North  American  lake  from  accumulation  of  soluble  industrial, 
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Figure  20  US  MERCURY  CONSUMPTION 
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Mercury  consumption  in  ttie  United  States  shows  an  exponential  trend,  on 
whicfi  stiort-term  marl<et  fluctuations  are  superimposed.  A  large  part  of  ttie 
mercury  is  used  for  the  production  of  caustic  soda  and  chlorine.  The  chart 
does  not  include  the  rising  amount  of  mercury  released  into  the  atmosphere 
from  the  combustion  of  fossil  fuels. 

SOURCE:  Barry  Commoner,  Michael  Carr,  and  Paul  J.  Stamler,  "The  Causes  of  Pollution," 
Environment,  April  1971. 

agricultural,  and  municipal  wastes.  The  accompanying  de- 
crease in  commercial  fish  production  from  the  lake  is  also 
indicated.  Figure  19  illustrates  why  the  increase  in  organic 
wastes  has  such  a  catastrophic  effect  on  fish  life.  The  figure 
shows  the  amount  of  dissolved  oxygen  (which  fish  "breathe") 
in  the  Baltic  Sea  as  a  function  of  time.  As  increasing  amounts 
of  wastes  enter  the  water  and  decay,  the  dissolved  oxygen  is 
depleted.  In  the  case  of  some  parts  of  the  Baltic,  the  oxygen 
level  has  actually  reached  zero. 

The  toxic  metals  lead  and  mercury  are  released  into  water- 
ways and  into  the  atmosphere  from  automobiles,  incinerators, 
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Figure  21  LEAD  IN  THE  GREENLAND  ICE  CAP 
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Deep  samples  of  snow  from  tfie  Greenland  Ice  Sheet  sliow  Increasingly  high 
deposits  of  lead  over  time.  Concentrations  of  calcium  and  sea  salt  were 
also  measured  as  a  control.  Presence  of  lead  reflects  increasing  world 
industrial  use  of  the  metal,  including  direct  release  into  the  atmosphere 
from  automobile  exhausts. 

SOURCE:  C.  C.  Patterson  and  J.  D.  Salvia,  "Lead  in  the  Modern  Environment — How  Much 
Is  Natural?"  Scientist  and  Citizen,  April  1968. 

industrial  processes,  and  agricultural  pesticides.  Figure  20 
shows  the  exponential  increase  in  mercury  consumption  in 
the  United  States  from  1946  to  1968.  Only  18  percent  of  this 
mercury  is  captured  and  recycled  after  use.^^  An  exponential 
increase  in  deposits  of  airborne  lead  has  been  detected  by 
extraction  of  successively  deeper  samples  from  the  Greenland 
ice  cap,  as  shown  in  figure  21. 

Unknown  upper  limits 

All  of  these  exponential  curves  of  various  kinds  of  pollution  can 
be  extrapolated  into  the  future,  as  we  have  extrapolated  land 
needs  in  figure  10  and  resource  use  in  figure  11.  In  both  of 
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these  previous  figures,  the  exponential  growth  curve  eventually 
reached  an  upper  limit — the  total  amount  of  arable  land  or 
of  resources  economically  available  in  the  earth.  However,  no 
upper  bounds  have  been  indicated  for  the  exponential  growth 
curves  of  pollutants  in  figures  15-21,  because  it  is  not  known 
how  much  we  can  perturb  the  natural  ecological  balance  of 
the  earth  without  serious  consequences.  It  is  not  known  how 
much  CO2  or  thermal  pollution  can  be  released  without  caus- 
ing irreversible  changes  in  the  earth's  climate,  or  how  much 
radioactivity,  lead,  mercury,  or  pesticide  can  be  absorbed  by 
plants,  fish,  or  human  beings  before  the  vital  processes  are 
severely  interrupted. 

Natural  delays  in  ecological  processes 

This  ignorance  about  the  limits  of  the  earth's  ability  to  absorb 
pollutants  should  be  reason  enough  for  caution  in  the  release 
of  polluting  substances.  The  danger  of  reaching  those  limits 
is  especially  great  because  there  is  typically  a  long  delay  be- 
tween the  release  of  a  pollutant  into  the  environment  and  the 
appearance  of  its  negative  effect  on  the  ecosystem.  The 
dynamic  implications  of  such  a  delayed  effect  can  be  illustrated 
by  the  path  of  DDT  through  the  environment  after  its  use  as 
an  insecticide.  The  results  presented  below  are  taken  from  a 
detailed  System  Dynamics  study*  using  the  numerical  con- 
stants appropriate  to  DDT.  The  general  conclusion  is  appli- 
cable (with  some  change  in  the  exact  numbers  involved)  to 
all  long-lived  toxic  substances,  such  as  mercury,  lead,  cadmium, 
other  pesticides,  polychlorobiphenyl  (PCB),  and  radioactive 
wastes. 


*  The  study,  by  J^irgen  Randers  and  Dennis  L.  Meadows,  is  listed  in  the 
appendix. 
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DDT  is  a  man-made  organic  chemical  released  into  the 
environment  as  a  pesticide  at  a  rate  of  about  100,000  tons 
annually.^^  After  its  application  by  spraying,  part  of  it  evap- 
orates and  is  carried  long  distances  in  the  air  before  it  eventu- 
ally precipitates  back  onto  the  land  or  into  the  ocean.  In  the 
ocean  some  of  the  DDT  is  taken  up  by  plankton,  some  of  the 
plankton  are  eaten  by  fish,  and  some  of  the  fish  are  finally 
eaten  by  man.  At  each  step  in  the  process  the  DDT  may  be 
degraded  into  harmless  substances,  it  may  be  released  back 
into  the  ocean,  or  it  may  be  concentrated  in  the  tissues  of 
living  organisms.  There  is  some  time  delay  involved  at  each 
of  these  steps.  All  these  possible  pathways  have  been  analyzed 
by  a  computer  to  produce  the  results  seen  in  figure  22. 

The  DDT  application  rate  shovi^n  in  the  figure  follows  the 
world  application  rate  from  1940  to  1970.  The  graph  shows 
what  would  happen  if  in  1970  the  world  DDT  application 
rate  began  to  decrease  gradually  until  it  reached  zero  in  the 
year  2000.  Because  of  the  inherent  delays  in  the  system,  the 
level  of  DDT  in  fish  continues  to  rise  for  more  than  10  years 
after  DDT  use  starts  declining,  and  the  level  in  fish  does  not 
come  bac\  down  to  the  igyo  level  until  the  year  igg^ — more 
than  two  decades  after  the  decision  is  made  to  reduce  DDT 
application. 

Whenever  there  is  a  long  delay  from  the  time  of  release  of  a 
pollutant  to  the  time  of  its  appearance  in  a  harmful  form, 
we  know  there  will  be  an  equally  long  delay  from  the  time 
of  control  of  that  pollutant  to  the  time  when  its  harmful  effect 
fin'ally  decreases.  In  other  words,  any  pollution  control  system 
based  on  instituting  controls  only  when  some  harm  is  already 
detected  will  probably  guarantee  that  the  problem  will  get 
much  worse  before   it  gets  better.   Systems  of  this  sort  are 
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Figure  22  DDT  FLOWS  IN  THE  ENVIRONMENT 


Calculation  of  the  path  of  DDT  through  the  environment  shows  the  prob- 
able result  if  the  world  DDT  application  rate  began  to  decline  in  1970.  The 
application  rate  shown  is  historically  correct  to  1970.  DDT  in  soil  peaks 
shortly  after  the  application  rate  begins  to  decline,  but  DDT  in  fish  con- 
tinues to  rise  for  11  years  and  does  not  fall  back  to  its  1970  level  until  1995. 
DDT  in  fish-eating  animals,  such  as  birds  and  man,  would  show  an  even 
longer  delay  in  responding  to  the  decrease  in  application  rate. 

SOURCE:  J0rgen  Randers  and  Dennis  L.  Meadows,  "System  Simulation  to  Test  Environ- 
mental Policy  I:  A  Sample  Study  of  DDT  Movement  in  the  Environment"  (Cambridge, 
Mass.:  Massachusetts  Institute  of  Technology,  1971). 
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exceedingly  difficult  to  control,  because  they  require  that 
present  actions  be  based  on  results  expected  far  in  the  future. 

Global  distribution  of  pollutants 

At  the  present  time  only  the  developed  nations  of  the  world 

are  seriously  concerned  about  pollution.  It  is  an  unfortunate 

characteristic  of  many  types  of  pollution,  however,  that  even- 
tually they  become  widely  distributed  around  the  world. 
Although  Greenland  is  far  removed  from  any  source  of  atmo- 
spheric lead  pollution,  the  amount  of  lead  deposited  in  Green- 
land ice  has  increased  300  percent  yearly  since  1940.^^  DDT  has 
accumulated  in  the  body  fat  of  humans  in  every  part  of  the 
globe,  from  Alaskan  eskimos  to  city-dwellers  of  New  Delhi,  as 
shown  in  table  5. 

Pollution  Limits 

Since  pollution  generation  is  a  complicated  function  of  popu- 
lation, industrialization,  and  specific  technological  develop- 
ments, it  is  difficult  to  estimate  exactly  how  fast  the  exponen- 
tial curve  of  total  pollution  release  is  rising.  We  might  estimate 
that  if  the  7  billion  people  of  the  year  2000  have  a  GNP  per 
capita  as  high  as  that  of  present-day  Americans,  the  total 
pollution  load  on  the  environment  would  be  at  least  ten  times 
its  present  value.  Can  the  earth's  natural  systems  support  an 
intrusion  of  that  magnitude?  We  have  no  idea.  Some  people 
believe  that  man  has  already  so  degraded  the  environment  that 
irreversible  damage  has  been  done  to  large  natural  systems. 
We  do  not  know  the  precise  upper  Hmit  of  the  earth's  ability 
to  absorb  any  single  kind  of  pollution,  much  less  its  ability 
to  absorb  the  combination  of  all  kinds  of  pollution.  We  do 
know  however  that  there  is  an  upper  limit.  It  has  already  been 
surpassed  in  many  local  environments.  The  surest  way  to 
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Table   5   DDT  IN  BODY  FAT  Concentration 

of  DDT  and 
toxic  breakdown 
products  in 
Number  in  body  fat 

Population  Year  sample       (parts  per  million) 

Alaska   (Eskimos)   1960  20  3.0 

Canada 1959-60  62  4.9 

England    1961-62  131  2.2 

England    1964  100  3.9 

France 1961  10  5.2 

Germany 1958-59  60  2.3 

Hungary 1960  48  12.4 

India  (Delhi)  1964  67  26.0 

Israel  1963-64  254  19.2 

United  States  (Kentucky)  ..  1942  10  .0 
United  States 

(Georgia,  Kentucky, 

Arizona,  Washington)  .  __  1961-62  130  12.7 

United  States  (all  areas)    -           1964  64  7.6 

source:  Wayland  J.  Hayes,  Jr.,  "Monitoring  Food  and  People  for  Pesticide  Content," 
in  Scientific  Aspects  of  Pest  Control  (Washington,  DC:  National  Academy  of  Sci- 
ences— National  Research  Council,  1966). 


reach  that  upper  limit  globally  is  to  increase  exponentially 
both  the  number  of  people  and  the  polluting  activities  of  each 
person. 

The  trade-offs  involved  in  the  environmental  sector  of  the 
world  system  are  every  bit  as  difficult  to  resolve  as  those  in 
the  agricultural  and  natural  resource  sectors.  The  benefits  of 
pollution-generating  activities  are  usually  far  removed  in  both 
space  and  time  from  the  costs.  To  make  equitable  decisions, 
therefore,  one  must  consider  both  space  and  time  factors.  If 
wastes  are  dumped  upstream,  who  will  suffer  downstream  ?  If 
fungicides  containing  mercury  are  used  now,  to  what  extent. 
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when,  and  where  will  the  mercury  appear  in  ocean  fish?  If 
polluting  factories  are  located  in  remote  areas  to  "isolate"  the 
pollutants,  where  will  those  pollutants  be  ten  or  twenty  years 
from  now? 

It  may  be  that  technological  developments  will  allow  the 
expansion  of  industry  with  decreasing  pollution,  but  only  at  a 
high  cost.  The  US  Council  on  Environmental  Quality  has 
called  for  an  expenditure  of  $105  billion  between  now  and 
1975  (42  percent  of  which  is  to  be  paid  by  industry)  for  just  a 
partial  cleanup  of  American  air,  water,  and  solid-waste  pollu- 
tion.^' Any  country  can  postpone  the  payment  of  such  costs 
to  increase  the  present  growth  rate  of  its  capital  plant,  but 
only  at  the  expense  of  future  environmental  degradation, 
which  may  be  reversible  only  at  very  high  cost. 

A  FINITE  WORLD 

We  have  mentioned  many  difficult  trade-ofFs  in  this  chapter 
in  the  production  of  food,  in  the  consumption  of  resources, 
and  in  the  generation  and  clean-up  of  pollution.  By  now  it 
should  be  clear  that  all  of  these  trade-offs  arise  from  one  simple 
fact — the  earth  is  finite.  The  closer  any  human  activity  comes 
to  the  limit  of  the  earth's  ability  to  support  that  activity,  the 
more  apparent  and  unresolvable  the  trade-offs  become.  When 
there  is  plenty  of  unused  arable  land,  there  can  be  more  people 
and  aho  more  food  per  person.  When  all  the  land  is  already 
used,  the  trade-off  between  more  people  or  more  food  per 
person  becomes  a  choice  between  absolutes. 

In  general,  modern  society  has  not  learned  to  recognize  and 
deal  with  these  trade-offs.  The  apparent  goal  of  the  present 
world  system  is  to  produce  more  people  with  more  (food, 
material  goods,  clean  air  and  water)  for  each  person.  In  this 
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chapter  we  have  noted  that  if  society  continues  to  strive  for 
that  goal,  it  will  eventually  reach  one  of  many  earthly  limita- 
tions. As  we  shall  see  in  the  next  chapter,  it  is  not  possible 
to  foretell  exactly  which  limitation  will  occur  first  or  what 
the  consequences  will  be,  because  there  are  many  conceivable, 
unpredictable  human  responses  to  such  a  situation.  It  is 
possible,  however,  to  investigate  what  conditions  and  what 
changes  in  the  world  system  might  lead  society  to  collision 
with  or  accommodation  to  the  limits  to  growth  in  a  finite 
world. 
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CHAPTER  V 


THE 

STATE 

OF 

GLOBAL 

EQUILIBRIUM 

Most  persons  think  that  a  state  in  order 
to  be  happy  ought  to  be  large;  but 
even  if  they  are  right,  they  have  no  idea 
of  what  is  a  large  and  what  a  small 

state To  the  size  of  states  there  is 

a  limit,  as  there  is  to  other  things,  plants, 
animals,  implements;  for  none  of  these 
retain  their  natural  power  when  they  are 
too  large  or  too  small,  but  they  either 
wholly  lose  their  nature,  or  are  spoiled. 

ARISTOTLE,  322  B.C. 

We  have  seen  that  positive  feedback 
loops  operating  without  any  constraints  generate  exponential 
growth.  In  the  world  system  two  positive  feedback  loops  are 
dominant  now,  producing  exponential  growth  of  population 
and  of  industrial  capital. 

In  any  finite  system  there  must  be  constraints  that  can  act 
to  stop  exponential  growth.  These  constraints  are  negative 
feedback  loops.  The  negative  loops  become  stronger  and 
stronger  as  growth  approaches  the  ultimate  limit,  or  carrying 
capacity,  of  the  system's  environment.  Finally  the  negative 
loops  balance  or  dominate  the  positive  ones,  and  growth  comes 
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to  an  end.  In  the  world  system  the  negative  feedback  loops 
involve  such  processes  as  pollution  of  the  environment,  deple- 
tion of  nonrenewable  resources,  and  famine. 

The  delays  inherent  in  the  action  of  these  negative  loops 
tend  to  allow  population  and  capital  to  overshoot  their  ulti- 
mately sustainable  levels.  The  period  of  overshoot  is  wasteful 
of  resources.  It  generally  decreases  the  carrying  capacity  of  the 
environment  as  well,  intensifying  the  eventual  decline  in 
population  and  capital. 

The  growth-stopping  pressures  from  negative  feedback  loops 
are  already  being  felt  in  many  parts  of  human  society.  The 
major  societal  responses  to  these  pressures  have  been  directed 
at  the  negative  feedback  loops  themselves.  Technological  solu- 
tions, such  as  those  discussed  in  chapter  IV,  have  been  devised 
to  weaken  the  loops  or  to  disguise  the  pressures  they  generate 
so  that  growth  can  continue.  Such  means  may  have  some  short- 
term  effect  in  relieving  pressures  caused  by  growth,  but  in  the 
long  run  they  do  nothing  to  prevent  the  overshoot  and  subse- 
quent collapse  of  the  system. 

Another  response  to  the  problems  created  by  growth  would 
be  to  weaken  the  positive  feedback  loops  that  are  generating 
the  growth.  Such  a  solution  has  almost  never  been  acknowl- 
edged as  legitimate  by  any  modern  society,  and  it  has  certainly 
never  been  effectively  carried  out.  What  kinds  of  policies  would 
such  a  solution  involve?  What  sort  of  world  would  result.? 
There  is  almost  no  historical  precedent  for  such  an  approach, 
and  thus  there  is  no  alternative  but  to  discuss  it  in  terms  of 
models — either  mental  models  or  formal,  written  models.  How 
will  the  world  model  behave  if  we  include  in  it  some  policy 
to  control  growth  deliberately?  Will  such  a  policy  change 
generate  a  "better"  behavior  mode? 
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Whenever  we  use  words  such  as  "better"  and  begin  choosing 
among  alternative  model  outputs,  we,  the  experimenters,  are 
inserting  our  own  values  and  preferences  into  the  modeling 
process.  The  values  built  into  each  causal  relationship  of  the 
model  are  the  real,  operational  values  of  the  world  to  the 
degree  that  we  can  determine  them.  The  values  that  cause  us 
to  rank  computer  outputs  as  "better"  or  "worse"  are  the  per- 
sonal values  of  the  modeler  or  his  audience.  We  have  already 
asserted  our  own  value  system  by  rejecting  the  overshoot  and 
collapse  mode  as  undesirable.  Now  that  we  are  seeking  a 
"better"  result,  we  must  define  our  goal  for  the  system  as 
clearly  as  possible.  We  are  searching  for  a  model  output  that 
represents  a  world  system  that  is: 

1.  sustainable  without  sudden  and  uncontrollable  collapse;  and 

2.  capable  of  satisfying  the  basic  material  requirements  of  all 
of  its  people. 

Now  let  us  see  what  policies  will  bring  about  such  behavior 
in  the  world  model, 

DELIBERATE  CONSTRAINTS  ON  GROWTH 

You  will  recall  that  the  positive  feedback  loop  generating  pop- 
ulation growth  involves  the  birth  rate  and  all  the  socio-eco- 
nomic factors  that  influence  the  birth  rate.  It  is  counteracted 
by  the  negative  loop  of  the  death  rate. 

The  overwhelming  growth  in  world  population  caused  by 
the  positive  birth-rate  loop  is  a  recent  phenomenon,  a  result  of 
mankind's  very  successful  reduction  of  worldwide  mortality. 
The  controlling  negative  feedback  loop  has  been  weakened, 
allowing  the  positive  loop  to  operate  virtually  without  con- 
straint. There  are  only  two  ways  to  restore  the  resulting  im- 
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balance.  Either  the  birth  rate  must  be  brought  down  to  equal 
the  new,  lower  death  rate,  or  the  death  rate  must  rise  again. 
All  of  the  "natural"  constraints  to  population  growth  operate 
in  the  second  way — they  raise  the  death  rate.  Any  society  wish- 
ing to  avoid  that  result  must  take  deliberate  action  to  control 
the  positive  feedback  loop — to  reduce  the  birth  rate. 

In  a  dynamic  model  it  is  a  simple  matter  to  counteract  run- 
away positive  feedback  loops.  For  the  moment  let  us  suspend 
the  requirement  of  political  feasibility  and  use  the  model  to 
test  the  physical,  if  not  the  social,  implications  of  limiting 
population  growth.  We  need  only  add  to  the  model  one  more 
causal  loop,  connecting  the  birth  rate  and  the  death  rate.  In 
other  words,  we  require  that  the  number  of  babies  born  each 
year  be  equal  to  the  expected  number  of  deaths  in  the  popu- 
lation that  year.  Thus  the  positive  and  negative  feedback  loops 
are  exactly  balanced.  As  the  death  rate  decreases,  because  of 
better  food  and   medical  care,  the  birth  rate  will  decrease 


births 
per  year 


r 


fertility 


new  finic  to  stabilize  population 
by  equating  births  and  deaths 


simultaneously.  Such  a  requirement,  which  is  as  mathemati- 
cally simple  as  it  is  socially  complicated,  is  for  our  purposes 
an  experimental  device,  not  necessarily  a  political  recommen- 
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Figure  44  WORLD  MODEL  WITH  STABILIZED  POPULATION 
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In  this  computer  run  conditions  in  the  model  system  are  identical  to  those 
in  the  standard  run  (figure  35),  except  that  population  is  held  constant  after 
1975  by  equating  the  birth  rate  with  the  death  rate.  The  remaining  un- 
restricted positive  feedback  loop  in  the  system,  involving  industrial  capital, 
continues  to  generate  exponential  growth  of  industrial  output,  food,  and 
services  per  capita  Eventual  depletion  of  nonrenewable  resources  brings 
a  sudden  collapse  of  the  industrial  system. 

dation.*  The  result  of  in  .erting  this  policy  into  the  model  in 
1975  is  shown  in  figure  44. 


*  This  suggestion  for  stabilizing  population  was  originally  proposed  by 
Kenneth  E.  Boulding  in  The  Meaning  of  the  20th  Century  (New  York: 
Harper  and  Row,  1964). 
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In  figure  44  the  positive  feedback  loop  of  population  growth 
is  effectively  balanced,  and  population  remains  constant.  At 
first  the  birth  and  death  rates  are  low.  But  there  is  still  one 
unchecked  positive  feedback  loop  operating  in  the  model — 
the  one  governing  the  growth  of  industrial  capital.  The  gain 
around  that  loop  increases  when  population  is  stabilized, 
resulting  in  a  very  rapid  growth  of  income,  food,  and  services 
per  capita.  That  growth  is  soon  stopped,  however,  by  depletion 
of  nonrenewable  resources.  The  death  rate  then  rises,  but  total 
population  does  not  decline  because  of  our  requirement  that 
birth  rate  equal  death  rate  (clearly  unrealistic  here). 

Apparently,  if  we  want  a  stable  system,  it  is  not  desirable 
to  let  even  one  of  the  two  critical  positive  feedback  loops  gen- 
erate uncontrolled  growth.  StabiHzing  population  alone  is  not 
sufl&cient  to  prevent  overshoot  and  collapse ;  a  similar  run  with 
constant  capital  and  rising  population  shows  that  stabilizing 
capital  alone  is  also  not  sufficient.  What  happens  if  v/c  bring 
both  positive  feedback  loops  under  control  simultaneously? 
We  can  stabilize  the  capital  stock  in  the  model  by  requiring 
that  the  investment  rate  equal  the  depreciation  rate,  with  an 
additional  model  link  exactly  analogous  to  the  population- 
stabilizing  one. 

industrial  output 

T 


investment 


INDUSTRIAL 
CAPITAL 


(-)        depreciation 


new  link  to  stabilize  capital 
by  equating  investment  and  depreciation 
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Figure  45  WORLD  MODEL  WITH  STABILIZED  POPULATION 
AND  CAPITAL 


o 
o 


Restriction  of  capital  growth,  by  requiring  that  capital  investment  equal 
depreciation,  is  added  to  the  population  stabilization  policy  of  figure  44. 
Now  that  exponential  growth  is  halted,  a  temporary  stable  state  is  attained. 
Levels  of  population  and  capital  in  this  state  are  sufficiently  high  to  deplete 
resources  rapidly,  however,  since  no  resource-conserving  technologies 
have  been  assumed.  As  the  resource  base  declines,  industrial  output  de- 
creases. Although  the  capital  base  is  maintained  at  the  same  level,  effi- 
ciency of  capital  goes  down  since  more  capital  must  be  devoted  to  obtain- 
ing resources  than  to  producing  usable  output. 

The  result  of  stopping  population  growth  in  1975  and  in- 
dustrial capital  growth  in  1985  with  no  other  changes  is  shown 
in  figure  45.  (Capital  was  allowed  to  grow  until  1985  to  raise 
slightly  the  average  material  standard  of  living.)  In  this  run 
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the  severe  overshoot  and  collapse  of  figure  44  are  prevented. 
Population  and  capital  reach  constant  values  at  a  relatively 
high  level  of  food,  industrial  output,  and  services  per  person. 
Eventually,  hovi^ever,  resource  shortages  reduce  industrial  out- 
put and  the  temporarily  stable  state  degenerates. 

What  model  assumptions  will  give  us  a  combination  of  a 
decent  living  standard  with  somewhat  greater  stability  than 
that  attained  in  figure  45  ?  We  can  improve  the  model  behavior 
greatly  by  combining  technological  changes  with  value  changes 
that  reduce  the  growth  tendencies  of  the  system.  Different 
combinations  of  such  policies  give  us  a  series  of  computer  out- 
puts that  represent  a  system  with  reasonably  high  values  of 
industrial  output  per  capita  and  with  long-term  stability.  One 
example  of  such  an  output  is  shown  in  figure  46. 

The  policies  that  produced  the  behavior  shown  in  figure  46 
are: 

1.  Population  is  stabilized  by  setting  the  birth  rate  equal  to 
the  death  rate  in  1975.  Industrial  capital  is  allowed  to  increase 
naturally  until  1990,  after  which  it,  too,  is  stabilized,  by  setting 
the  investment  rate  equal  to  the  depreciation  rate. 

2.  To  avoid  a  nonrenewable  resource  shortage  such  as  that 
shown  in  figure  45,  resource  consumption  per  unit  of  industrial 
output  is  reduced  to  one-fourth  of  its  1970  value.  (This  and  the 
following  five  policies  are  introduced  in  1975.) 

3.  To  further  reduce  resource  depletion  and  pollution,  the 
economic  preferences  of  society  are  shifted  more  toward  ser- 
vices such  as  education  and  health  facilities  and  less  toward 
factory-produced  material  goods.  (This  change  is  made 
through  the  relationship  giving  "indicated"  or  "desired" 
services  per  capita  as  a  function  of  rising  income.) 


148 


4.  Pollution  generation  per  unit  of  industrial  and  agricultural 
output  is  reduced  to  one-fourth  of  its  1970  value. 

5.  Since  the  above  policies  alone  v^^ould  result  in  a  rather  low 
value  of  food  per  capita,  some  people  would  still  be  malnour- 
ished if  the  traditional  inequalities  of  distribution  persist.  To 
avoid  this  situation,  high  value  is  placed  on  producing  sufficient 
food  for  all  people.  Capital  is  therefore  diverted  to  food  pro- 
duction even  if  such  an  investment  would  be  considered 
"uneconomic."  (This  change  is  carried  out  through  the  "indi- 
cated" food  per  capita  relationship.) 

6.  This  emphasis  on  highly  capitalized  agriculture,  while  neces- 
sary to  produce  enough  food,  would  lead  to  rapid  soil  erosion 
and  depletion  of  soil  fertility,  destroying  long-term  stability  in 
the  agricultural  sector.  Therefore  the  use  of  agricultural  capital 
has  been  altered  to  make  soil  enrichment  and  preservation  a 
high  priority.  This  policy  implies,  for  example,  use  of  capital 
to  compost  urban  organic  wastes  and  return  them  to  the  land 
(a  practice  that  also  reduces  pollution). 

7.  The  drains  on  industrial  capital  for  higher  services  and  food 
production  and  for  resource  recycling  and  pollution  control 
under  the  above  six  conditions  would  lead  to  a  low  final  level 
of  industrial  capital  stock.  To  counteract  this  effect,  the  average 
lifetime  of  industrial  capital  is  increased,  implying  better  design 
for  durability  and  repair  and  less  discarding  because  of  obso- 
lescence. This  policy  also  tends  to  reduce  resource  depletion 
and  pollution. 

In  figure  46  the  stable  world  population  is  only  slightly 
larger  than  the  population  today.  There  is  more  than  twice 
as  much  food  per  person  as  the  average  value  in  1970,  and 
world  average  lifetime  is  nearly  70  years.  The  average  indus- 
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Figure  46  STABILIZED  WORLD  MODEL  1 
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Technological  policies  are  added  to  the  growth-regulating  policies  of  the 
previous  run  to  produce  an  equilibrium  state  sustainable  far  into  the  future. 
Technological  policies  include  resource  recycling,  pollution  control  de- 
vices, increased  lifetime  of  all  forms  of  capital,  and  methods  to  restore 
eroded  and  infertile  soil.  Value  changes  include  increased  emphasis  on 
food  and  services  rather  than  on  industrial  production.  As  in  figure  45, 
births  are  set  equal  to  deaths  and  industrial  capital  investment  equal  to 
capital  depreciation.  Equilibrium  value  of  industrial  output  per  capita  is 
three  times  the  1970  world  average. 

trial  output  per  capita  is  well  above  today's  level,  and  services 
per  capita  have  tripled.  Total  average  income  per  capita  (indus- 
trial output,  food,  and  services  combined)  is  about  $1,800.  This 
value  is  about  half  the  present  average  US  income,  equal  to 
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the  present  average  European  income,  and  three  times  the 
present  average  world  income.  Resources  are  still  being  gradu- 
ally depleted,  as  they  must  be  under  any  realistic  assumption, 
but  the  rate  of  depletion  is  so  slow  that  there  is  time  for  tech- 
nology and  industry  to  adjust  to  changes  in  resource  avail- 
ability. 

The  numerical  constants  that  characterize  this  model  run 
are  not  the  only  ones  that  would  produce  a  stable  system. 
Other  people  or  societies  might  resolve  the  various  trade-offs 
differently,  putting  more  or  less  emphasis  on  services  or  food 
or  pollution  or  material  income.  This  example  is  included 
merely  as  an  illustration  of  the  levels  of  population  and  capital 
that  are  physically  maintainable  on  the  earth,  under  the  most 
optimistic  assumptions.  The  model  cannot  tell  us  how  to  attain 
these  levels.  It  can  only  indicate  a  set  of  mutually  consistent 
goals  that  are  attainable. 

Now  let  us  go  back  at  least  in  the  general  direction  of  the 
real  world  and  relax  our  most  unrealistic  assumptions — that 
we  can  suddenly  and  absolutely  stabilize  population  and  capi- 
tal. Suppose  we  retain  the  last  six  of  the  seven  policy  changes 
that  produced  figure  46,  but  replace  the  first  policy,  beginning 
in  1975,  with  the  following: 

1.  The  population  has  access  to  100  percent  effective  birth 
control. 

2.  The  average  desired  family  size  is  two  children. 

3.  The  economic  system  endeavors  to  maintain  average  indus- 
trial output  per  capita  at  about  the  1975  level.  Excess  industrial 
capability  is  employed  for  producing  consumption  goods  rather 
than  increasing  the  industrial  capital  investment  rate  above  the 
depreciation  rate. 


151 


The  model  behavior  that  results  from  this  change  is  shown 
in  figure  47.  Now  the  delays  in  the  system  allow  population 
to  grow  much  larger  than  it  did  in  figure  46.  As  a  consequence, 
material  goods,  food,  and  services  per  capita  remain  lower  than 
in  previous  runs  (but  still  higher  than  they  are  on  a  world 
average  today). 

We  do  not  suppose  that  any  single  one  of  the  policies  neces- 
sary to  attain  system  stability  in  the  model  can  or  should  be 
suddenly  introduced  in  the  world  by  1975.  A  society  choosing 
stability  as  a  goal  certainly  must  approach  that  goal  gradually. 
It  is  important  to  realize,  however,  that  the  longer  exponential 
growth  is  allowed  to  continue,  the  fewer  possibilities  remain 
for  the  final  stable  state.  Figure  48  shows  the  result  of  waiting 
until  the  year  2000  to  institute  the  same  policies  that  were 
instituted  in  1975  in  figure  47. 

In  figure  48  both  population  and  industrial  output  per  capita 
reach  much  higher  values  than  in  figure  47.  As  a  result  pol- 
lution builds  to  a  higher  level  and  resources  are  severely  de- 
pleted, in  spite  of  the  resource-saving  policies  finally  intro- 
duced. In  fact,  during  the  25-year  delay  (from  1975  to  2000) 
in  instituting  the  stabilizing  policies,  resource  consumption  is 
about  equal  to  the  total  125-year  consumption  from  1975  to 
2100  of  figure  47. 

Many  people  will  think  that  the  changes  we  have  introduced 
into  the  model  to  avoid  the  growth-and-collapse  behavior  mode 
are  not  only  impossible,  but  unpleasant,  dangerous,  even  dis- 
astrous in  themselves.  Such  policies  as  reducing  the  birth  rate 
and  diverting  capital  from  production  of  material  goods,  by 
whatever  means  they  might  be  implemented,  seem  unnatural 
and  unimaginable,  because  they  have  not,  in  most  people's 
experience,  been  tried,  or  even  seriously  suggested.  Indeed  there 
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Figure  47  STABILIZED  WORLD  MODEL  II 


//  the  strict  restrictions  on  growth  of  the  previous  run  are  removed,  and 
population  and  capital  are  regulated  within  the  natural  delays  of  the  system, 
the  equilibrium  level  of  population  is  higher  and  the  level  of  industrial 
output  per  capita  is  lower  than  in  figure  46.  Here  it  is  assumed  that  per- 
fectly effective  birth  control  and  an  average  desired  family  size  of  two 
children  are  achieved  by  1975.  The  birth  rate  only  slowly  approaches  the 
death  rate  because  of  delays  inherent  in  the  age  structure  of  the  population. 

would  be  little  point  even  in  discussing  such  fundamental 
changes  in  the  functioning  of  modern  society  if  we  felt  that 
the  present  pattern  of  unrestricted  growth  were  sustainable 
into  the  future.  All  the  evidence  available  to  us,  however,  sug- 
gests that  of  the  three  alternatives — unrestricted  growth,  a  self- 
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Figure  48  WORLD  MODEL  WITH  STABILIZING  POLICIES 
INTRODUCED  IN  THE  YEAR  2000 


//  all  the  policies  instituted  in  1975  in  the  previous  figure  are  delayed  until 
the  year  2000,  the  equilibrium  state  is  no  longer  sustainable.  Population 
and  industrial  capital  reach  levels  high  enough  to  create  food  and  resource 
shortages  before  the  year  2100. 

imposed  limitation  to  growth,  or  a  nature-imposed  limitation 
to  growth — only  the  last  two  are  actually  possible. 

Accepting  the  nature-imposed  limits  to  growth  requires  no 
more  effort  than  letting  things  take  their  course  and  waiting 
to  see  what  will  happen.  The  most  probable  result  of  that  deci- 
sion, as  we  have  tried  to  show  here,  will  be  an  uncontrollable 
decrease  in  population  and  capital.  The  real  meaning  of  such  a 
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collapse  is  difficult  to  imagine  because  it  might  take  so  many 
different  forms.  It  might  occur  at  different  times  in  different 
parts  of  the  world,  or  it  might  be  worldwide.  It  could  be 
sudden  or  gradual.  If  the  limit  first  reached  were  that  of  food 
production,  the  nonindustrialized  countries  would  suffer  the 
major  population  decrease.  If  the  first  limit  were  imposed  by 
exhaustion  of  nonrenewable  resources,  the  industrialized  coun- 
tries would  be  most  affected.  It  might  be  that  the  collapse 
would  leave  the  earth  with  its  carrying  capacity  for  animal 
and  plant  life  undiminished,  or  it  might  be  that  the  carrying 
capacity  would  be  reduced  or  destroyed.  Certainly  whatever 
fraction  of  the  human  population  remained  at  the  end  of  the 
process  would  have  very  little  left  with  which  to  build  a  new 
society  in  any  form  we  can  now  envision. 

Achieving  a  self-imposed  limitation  to  growth  would  require 
much  effort.  It  would  involve  learning  to  do  many  things  in 
new  ways.  It  would  tax  the  ingenuity,  the  flexibility,  and  the 
self-discipline  of  the  human  race.  Bringing  a  deliberate,  con- 
trolled end  to  growth  is  a  tremendous  challenge,  not  easily  met. 
Would  the  final  result  be  worth  the  effort?  What  would 
humanity  gain  by  such  a  transition,  and  what  would  it  lose? 
Let  us  consider  in  more  detail  what  a  world  of  nongrowth 
might  be  like. 

THE  EQUILIBRIUM  STATE 

We  are  by  no  means  the  first  people  in  man's  written  history 
to  propose  some  sort  of  nongrowing  state  for  human  society. 
A  number  of  philosophers,  economists,  and  biologists  have 
discussed  such  a  state  and  called  it  by  many  different  names, 
with  as  many  different  meanings.* 
We  have,  after  much  discussion,  decided  to  call  the  state  of 
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constant  population  and  capital,  shown  in  figures  46  and  47, 
by  the  term  "equilibrium."  Equilibrium  means  a  state  of  bal- 
ance or  equality  between  opposing  forces.  In  the  dynamic 
terms  of  the  world  model,  the  opposing  forces  are  those  caus- 
ing population  and  capital  stock  to  increase  (high  desired 
family  size,  low  birth  control  effectiveness,  high  rate  of  capital 
investment)  and  those  causing  population  and  capital  stock 
to  decrease  (lack  of  food,  pollution,  high  rate  of  depreciation 
or  obsolescence).  The  word  "capital"  should  be  understood 
to  mean  service,  industrial,  and  agricultural  capital  combined. 
Thus  the  most  basic  definition  of  the  state  of  global  equi- 
librium is  that  population  and  capital  are  essentially  stable, 
with  the  forces  tending  to  increase  or  decrease  them  in  a  care- 
fully controlled  balance. 

There  is  much  room  for  variation  within  that  definition. 
We  have  only  specified  that  the  stocks  of  capital  and  popula- 
tion remain  constant,  but  they  might  theoretically  be  constant 
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Press,  1954). 
Kenneth  E.  Boulding,  "The  Economics  of  the  Coming  Spaceship  Earth," 
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(Baltimore,  Md.:  Johns  Hopkins  Press,  1966). 
E.  J.  Mishan,  The  Costs  of  Economic  Growth  (New  York:  Frederick 

A.  Praeger,  1967). 
Herman  E.  Daly,  "Toward  a  Stationary-State  Economy,"  in  The  Patient 

Earth,  ed.  J.  Harte  and  Robert  Socolow  (New  York:  Holt,  Rinehart, 

and  Winston,  1971). 
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at  a  high  level  or  a  low  level — or  one  might  be  high  and  the 
other  low.  A  tank  of  water  can  be  maintained  at  a  given  level 
with  a  fast  inflow  and  outflow  of  water  or  with  a  slow  trickle 
in  and  out.  If  the  flow  is  fast,  the  average  drop  of  water  will 
spend  less  time  in  the  tank  than  if  the  flow  is  slow.  Similarly, 
a  stable  population  of  any  size  can  be  achieved  with  either 
high,  equal  birth  and  death  rates  (short  average  lifetime)  or 
low,  equal  birth  and  death  rates  (long  average  lifetime).  A 
stock  of  capital  can  be  maintained  with  high  investment  and 
depreciation  rates  or  low  investment  and  depreciation  rates. 
Any  combination  of  these  possibilities  would  fit  into  our  basic 
definition  of  global  equilibrium. 

What  criteria  can  be  used  to  choose  among  the  many  options 
available  in  the  equilibrium  state?  The  dynamic  interactions 
in  the  world  system  indicate  that  the  first  decision  that  must 
be  made  concerns  time.  How  long  should  the  equilibrium  state 
exist?  If  society  is  only  interested  in  a  time  span  of  6  months 
or  a  year,  the  world  model  indicates  that  almost  any  level  of 
population  and  capital  could  be  maintained.  If  the  time  horizon 
is  extended  to  20  or  50  years,  the  options  are  greatly  reduced, 
since  the  rates  and  levels  must  be  adjusted  to  ensure  that  the 
capital  investment  rate  will  not  be  limited  by  resource  avail- 
ability during  that  time  span,  or  that  the  death  rate  will  not 
be  uncontrollably  influenced  by  pollution  or  food  shortage. 
The  longer  a  society  prefers  to  maintain  the  state  of  equilib- 
rium, the  lower  the  rates  and  levels  must  be. 

At  the  limit,  of  course,  no  population  or  capital  level  can 
be  maintained  forever,  but  that  limit  is  very  far  away  in  time 
if  resources  are  managed  wisely  and  if  there  is  a  sufficiently 
long  time  horizon  in  planning.  Let  us  take  as  a  reasonable 
time  horizon  the  expected  lifetime  of  a  child  born  into  the 


157 


world  tomorrow — 70  years  if  proper  food  and  medical  care 
are  supplied.  Since  most  people  spend  a  large  part  of  their  time 
and  energy  raising  children,  they  might  choose  as  a  minimum 
goal  that  the  society  left  to  those  children  can  be  maintained 
for  the  full  span  of  the  children's  lives. 

If  society's  time  horizon  is  as  long  as  70  years,  the  permissible 
population  and  capital  levels  may  not  be  too  different  from 
those  existing  today,  as  indicated  by  the  equilibrium  run  in 
figure  47  (which  is,  of  course,  only  one  of  several  possibilities). 
The  rates  would  be  considerably  different  from  those  of  today, 
however.  Any  society  would  undoubtedly  prefer  that  the  death 
rate  be  low  rather  than  high,  since  a  long,  healthy  life  seems 
to  be  a  universal  human  desire.  To  maintain  equilibrium  with 
long  life  expectancy,  the  birth  rate  then  must  also  be  low.  It 
would  be  best,  too,  if  the  capital  investment  and  depreciation 
rates  were  low,  because  the  lower  they  are,  the  less  resource 
depletion  and  pollution  there  will  be.  Keeping  depletion  and 
pollution  to  a  minimum  could  either  increase  the  maximum 
size  of  the  population  and  capital  levels  or  increase  the  length 
of  time  the  equilibrium  state  could  be  maintained,  depending 
on  which  goal  the  society  as  a  whole  preferred. 

By  choosing  a  fairly  long  time  horizon  for  its  existence,  and 
a  long  average  lifetime  as  a  desirable  goal,  we  have  now  arrived 
at  a  minimum  set  of  requirements  for  the  state  of  global 
equilibrium.  They  are: 

1.  The  capital  plant  and  the  population  are  constant  in  size. 
The  birth  rate  equals  the  death  rate  and  the  capital  investment 
rate  equals  the  depreciation  rate. 

2.  All  input  and  output  rates — births,  deaths,  investment,  and 
depreciation — are  kspt  to  a  minimum. 
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3.  The  levels  of  capital  and  population  and  the  ratio  of  the  two 
are  set  in  accordance  with  the  values  of  the  society.  They  may 
be  deliberately  revised  and  slowly  adjusted  as  the  advance  of 
technology  creates  new  options. 

An  equilibrium  defined  in  this  way  does  not  mean  stagna- 
tion. Within  the  first  two  guidelines  above,  corporations  could 
expand  or  fail,  local  populations  could  increase  or  decrease, 
income  could  become  more  or  less  evenly  distributed.  Tech- 
nological advance  would  permit  the  services  provided  by  a 
constant  stock  of  capital  to  increase  slowly.  Within  the  third 
guideline,  any  country  could  change  its  average  standard  of 
living  by  altering  the  balance  between  its  population  and  its 
capital.  Furthermore,  a  society  could  adjust  to  changing  inter- 
nal or  external  factors  by  raising  or  lowering  the  population 
or  capital  stocks,  or  both,  slowly  and  in  a  controlled  fashion, 
with  a  predetermined  goal  in  mind.  The  three  points  above 
define  a  dynamic  equilibrium,  which  need  not  and  probably 
would  not  "freeze"  the  world  into  the  population-capital  con- 
figuration that  happens  to  exist  at  the  present  time.  The  object 
in  accepting  the  above  three  statements  is  to  create  freedom 
for  society,  not  to  impose  a  straitjacket. 

What  would  life  be  like  in  such  an  equilibrium  state  ?  Would 
innovation  be  stifled?  Would  society  be  locked  into  the  pat- 
terns of  inequality  and  injustice  we  see  in  the  world  today? 
Discussion  of  these  questions  must  proceed  on  the  basis  of 
mental  models,  for  there  is  no  formal  model  of  social  condi- 
tions in  the  equilibrium  state.  No  one  can  predict  what  sort  of 
institutions  mankind  might  develop  under  these  new  condi- 
tions. There  is,  of  course,  no  guarantee  that  the  new  society 
would  be  much  better  or  even  much  different  from  that  which 
exists  today.  It  seems  possible,  however,  that  a  society  released 
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from  struggling  with  the  many  problems  caused  by  growth 
may  have  more  energy  and  ingenuity  available  for  solving 
other  problems.  In  fact,  we  believe,  as  we  will  illustrate  below, 
that  the  evolution  of  a  society  that  favors  innovation  and 
technological  development,  a  society  based  on  equality  and 
justice,  is  far  more  likely  to  evolve  in  a  state  of  global  equilib- 
rium than  it  is  in  the  state  of  growth  we  are  experiencing  today. 

GROWTH  IN  THE  EQUILIBRIUM  STATE 

In  1857  John  Stuart  Mill  wrote: 

It  is  scarcely  necessary  to  remark  that  a  stationary  condition  of  capital 
and  population  implies  no  stationary  state  of  human  improvement. 
There  would  be  as  much  scope  as  ever  for  all  kinds  of  mental  culture, 
and  moral  and  social  progress;  as  much  room  for  improving  the  Art  of 
Living  and  much  more  likelihood  of  its  being  improved.^® 

Population  and  capital  are  the  only  quantities  that  need  be 
constant  in  the  equilibrium  state.  Any  human  activity  that 
does  not  require  a  large  flow  of  irreplaceable  resources  or  pro- 
duce severe  environmental  degradation  might  continue  to  grow 
indefinitely.  In  particular,  those  pursuits  that  many  people 
would  list  as  the  most  desirable  and  satisfying  activities  of 
man — education,  art,  music,  religion,  basic  scientific  research, 
athletics,  and  social  interactions — could  flourish. 

All  of  the  activities  listed  above  depend  very  strongly  on  two 
factors.  First,  they  depend  upon  the  availability  of  some  sur- 
plus production  after  the  basic  human  needs  of  food  and 
shelter  have  been  met.  Second,  they  require  leisure  time.  In 
any  equilibrium  state  the  relative  levels  of  capital  and  popula- 
tion could  be  adjusted  to  assure  that  human  material  needs 
are  fulfilled  at  any  desired  level.  Since  the  amount  of  material 
production  would  be  essentially  fixed,  every  improvement  in 
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production  methods  could  result  in  increased  leisure  for  the 
population — leisure  that  could  be  devoted  to  any  activity  that 
is  relatively  nonconsuming  and  nonpolluting,  such  as  those 
listed  above.  Thus,  this  unhappy  situation  described  by  Ber- 
trand  Russell  could  be  avoided: 

Suppose  that,  at  a  given  moment,  a  certain  number  of  people  are  en- 
gaged in  the  manufacture  of  pins.  They  make  as  many  pins  as  the 
world  needs,  working  (say)  eight  hours  a  day.  Someone  makes  an  in- 
vention by  which  the  same  number  of  men  can  make  twice  as  many 
pins  as  before.  But  the  world  does  not  need  twice  as  many  pins.  Pins 
are  already  so  cheap  that  hardly  any  more  will  be  bought  at  a  lower 
price.  In  a  sensible  world,  everybody  concerned  in  the  manufacture  of 
pins  would  take  to  working  four  hours  instead  of  eight,  and  everything 
else  would  go  on  as  before.  But  in  the  actual  world  this  would  be 
thought  demoralizing.  The  men  still  work  eight  hours,  there  are  too 
many  pins,  some  employers  go  bankrupt,  and  half  the  men  previously 
concerned  in  making  pins  are  thrown  out  of  work.  There  is,  in  the 
end,  just  as  much  leisure  as  on  the  other  plan,  but  half  the  men  are 
totally  idle  while  half  are  still  overworked.  In  this  way  it  is  insured 
that  the  unavoidable  leisure  shall  cause  misery  all  around  instead  of 
being  a  universal  source  of  happiness.  Can  anything  more  insane  be 
imagined?  ^^ 

But  would  the  technological  improvements  that  permit  the 
production  of  pins  or  anything  else  more  efficiently  be  forth- 
coming in  a  world  where  all  basic  material  needs  are  fulfilled 
and  additional  production  is  not  allowed?  Does  man  have  to 
be  pushed  by  hardship  and  the  incentive  of  material  growth 
to  devise  better  ways  to  do  things? 

Historical  evidence  would  indicate  that  very  few  key  inven- 
tions have  been  made  by  men  who  had  to  spend  all  their 
energy  overcoming  the  immediate  pressures  of  survival.  Atomic 
energy  was  discovered  in  the  laboratories  of  basic  science  by 
individuals  unaware  of  any  threat  of  fossil  fuel  depletion.  The 
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first  genetic  experiments,  which  led  a  hundred  years  later  to 
high-yield  agricultural  crops,  took  place  in  the  peace  of  a 
European  monastery.  Pressing  human  need  may  have  forced 
the  application  of  these  basic  discoveries  to  practical  problems, 
but  only  freedom  from  need  produced  the  knowledge  neces- 
sary for  the  practical  applications. 

Technological  advance  would  be  both  necessary  and  welcome 
in  the  equilibrium  state.  A  few  obvious  examples  of  the  kinds 
of  practical  discoveries  that  would  enhance  the  workings  of  a 
steady  state  society  include: 

•  new  methods  of  waste  collection,  to  decrease  pollution  and 
make  discarded  material  available  for  recycling; 

•  more  efficient  techniques  of  recycling,  to  reduce  rates  of 
resource  depletion; 

•  better  product  design  to  increase  product  lifetime  and  pro- 
mote easy  repair,  so  that  the  capital  depreciation  rate  would 
be  minimized; 

•  harnessing  of  incident  solar  energy,  the  most  pollution-free 
power  source; 

•  methods  of  natural  pest  control,  based  on  more  complete 
understanding  of  ecological  interrelationships; 

•  medical  advances  that  would  decrease  the  death  rate; 

•  contraceptive  advances  that  would  facilitate  the  equalization 
of  the  birth  rate  with  the  decreasing  death  rate. 

As  for  the  incentive  that  would  encourage  men  to  produce 
such  technological  advances,  what  better  incentive  could  there 
be  than  the  knowledge  that  a  new  idea  would  be  translated 
into  a  visible  improvement  in  the  quality  of  life?  Historically 
mankind's  long  record  of  new  inventions  has  resulted  in 
crowding,  deterioration  of  the  environment,  and  greater  social 
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inequality  because  greater  productivity  has  been  absorbed  by 
population  and  capital  growth.  There  is  no  reason  why  higher 
productivity  could  not  be  translated  into  a  higher  standard 
of  living  or  more  leisure  or  more  pleasant  surroundings  for 
everyone,  if  these  goals  replace  growth  as  the  primary  value  of 
society. 

EQUALITY  IN  THE  EQUILIBRIUM   STATE 

One  of  the  most  commonly  accepted  myths  in  our  present 
society  is  the  promise  that  a  continuation  of  our  present  pat- 
terns of  growth  will  lead  to  human  equality.  We  have  demon- 
strated in  various  parts  of  this  book  that  present  patterns  of 
population  and  capital  growth  are  actually  increasing  the  gap 
between  the  rich  and  the  poor  on  a  worldwide  basis,  and  that 
the  ultimate  result  of  a  continued  attempt  to  grow  according 
to  the  present  pattern  will  be  a  disastrous  collapse. 

The  greatest  possible  impediment  to  more  equal  distribution 
of  the  world's  resources  is  population  growth.  It  seems  to  be  a 
universal  observation,  regrettable  but  understandable,  that,  as 
the  number  of  people  over  whom  a  fixed  resource  must  be 
distributed  increases,  the  equality  of  distribution  decreases. 
Equal  sharing  becomes  social  suicide  if  the  average  amount 
available  per  person  is  not  enough  to  maintain  life.  FAO 
studies  of  food  distribution  have  actually  documented  this 
general  observation. 

Analysis  of  distribution  curves  shows  that  when  the  food  supplies  of 
a  group  diminish,  inequalities  in  intake  are  accentuated,  while  the  num- 
ber of  undernourished  families  increases  more  than  in  proportion  to  the 
deviation  from  the  mean.  Moreover,  the  food  intake  deficit  grows  with 
the  size  of  households  so  that  large  families,  and  their  children  in  par- 
ticular, are  statistically  the  most  likely  to  be  underfed.^^ 

In  a  long-term  equilibrium  state,  the  relative  levels  of  popula- 
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tion  and  capital,  and  their  relationships  to  fixed  constraints 
such  as  land,  fresh  water,  and  mineral  resources,  would  have 
to  be  set  so  that  there  would  be  enough  food  and  material  pro- 
duction to  maintain  everyone  at  (at  least)  a  subsistence  level. 
One  barrier  to  equal  distribution  would  thus  be  removed.  Fur- 
thermore, the  other  effective  barrier  to  equality — the  promise 
of  growth — could  no  longer  be  maintained,  as  Dr.  Herman  E. 
Daly  has  pointed  out: 

For  several  reasons  the  imjx>rtant  issue  of  the  stationary  state  will  be 
distribution,  not  production.  The  problem  of  relative  shares  can  no 
longer  be  avoided  by  appeals  to  growth.  The  argument  that  everyone 
should  be  happy  as  long  as  his  absolute  share  of  wealth  increases,  re- 
gardless of  his  relative  share,  will  no  longer  be  available.  .  .  .  The 
stationary  state  would  make  fewer  demands  on  our  environmental  re- 
sources, but  much  greater  demands  on  our  moral  resources.''^ 

There  is,  of  course,  no  assurance  that  humanity's  moral  re- 
sources would  be  sufficient  to  solve  the  problem  of  income  dis- 
tribution, even  in  an  equilibrium  state.  However,  there  is  even 
less  assurance  that  such  social  problems  will  be  solved  in  the 
present  state  of  growth,  which  is  straining  both  the  moral  and 
the  physical  resources  of  the  world's  people. 

The  picture  of  the  equilibrium  state  we  have  drawn  here  is 
idealized,  to  be  sure.  It  may  be  impossible  to  achieve  in  the 
form  described  here,  and  it  may  not  be  the  form  most  people 
on  earth  would  choose.  The  only  purpose  in  describing  it  at 
all  is  to  emphasize  that  global  equilibrium  need  not  mean  an 
end  to  progress  or  human  development.  The  possibilities  with- 
in an  equilibrium  state  are  almost  endless. 

An  equilibrium  state  would  not  be  free  of  pressures,  since 
no  society  can  be  free  of  pressures.  Equilibrium  would  require 
trading  certain  human  freedoms,  such  as  producing  unlimited 


164 


numbers  of  children  or  consuming  uncontrolled  amounts  of 
resources,  for  other  freedoms,  such  as  relief  from  pollution 
and  crowding  and  the  threat  of  collapse  of  the  world  system. 
It  is  possible  that  new  freedoms  might  also  arise — universal 
and  unlimited  education,  leisure  for  creativity  and  inventive- 
ness, and,  most  important  of  all,  the  freedom  from  hunger  and 
poverty  enjoyed  by  such  a  small  fraction  of  the  world's  people 
today. 

THE  TRANSITION  FROM  GROWTH  TO  GLOBAL  EQUILIBRIUM 

We  can  say  very  little  at  this  point  about  the  practical,  day-by- 
day  steps  that  might  be  taken  to  reach  a  desirable,  sustainable 
state  of  global  equilibrium.  Neither  the  world  model  nor  our 
own  thoughts  have  been  developed  in  sufficient  detail  to  under- 
stand all  the  implications  of  the  transition  from  growth  to 
equilibrium.  Before  any  part  of  the  world's  society  embarks 
deliberately  on  such  a  transition,  there  must  be  much  more  dis- 
cussion, more  extensive  analysis,  and  many  new  ideas  con- 
tributed by  many  different  people.  If  we  have  stimulated  each 
reader  of  this  book  to  begin  pondering  how  such  a  transition 
might  be  carried  out,  we  have  accomplished  our  immediate 

goal. 

Certainly  much  more  information  is  needed  to  manage  the 
transition  to  global  equilibrium.  In  the  process  of  sifting  the 
world's  data  and  incorporating  it  into  an  organized  model,  we 
have  become  aware  of  the  great  need  for  more  facts — for  num- 
bers that  are  scientifically  measurable  but  which  have  not  yet 
been  measured.  The  most  glaring  deficiencies  in  present 
knowledge  occur  in  the  pollution  sector  of  the  model.  How 
long  does  it  take  for  any  given  pollutant  to  travel  from  its 
point  of  release  to  its  point  of  entrance  into  the  human  body  ? 
Does  the  time  required  for  the  processing  of  any  pollutant  into 
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harmless  form  depend  on  the  level  of  pollutant?  Do  several 
different  pollutants  acting  together  have  a  synergistic  effect  on 
human  health?  What  are  the  long-term  effects  of  low-level 
dosages  on  humans  and  other  organisms  ?  There  is  also  a  need 
for  more  information  about  rates  of  soil  erosion  and  land  was- 
tage under  intensified  modern  agricultural  practices. 

From  our  own  vantage  point  as  systems  analysts,  of  course, 
we  would  recommend  that  the  search  for  facts  not  be  random 
but  be  governed  by  a  greatly  increased  emphasis  on  establishing 
system  structure.  The  behavior  of  all  complicated  social  sys- 
tems is  primarily  determined  by  the  web  of  physical,  biological, 
psychological,  and  economic  relationships  that  binds  together 
any  human  population,  its  natural  environment,  and  its  eco- 
nomic activities.  Until  the  underlying  structures  of  our  socio- 
economic systems  are  thoroughly  analyzed,  they  cannot  be 
managed  effectively,  just  as  an  automobile  cannot  be  main- 
tained in  good  running  condition  without  a  knowledge  of  how 
its  many  parts  influence  each  other.  Studies  of  system  structure 
may  reveal  that  the  introduction  into  a  system  of  some  simple 
stabilizing  feedback  mechanism  will  solve  many  difficulties. 
There  have  been  interesting  suggestions  along  that  line  already 
— for  example,  that  the  total  costs  of  pollution  and  resource  de- 
pletion be  included  in  the  price  of  a  product,  or  that  every 
user  of  river  water  be  required  to  place  his  intake  pipe  down- 
stream from  his  efHuent  pipe. 

The  final,  most  elusive,  and  most  important  information  we 
need  deals  with  human  values.  As  soon  as  a  society  recognizes 
that  it  cannot  maximize  everything  for  everyone,  it  must  begin 
to  make  choices.  Should  there  be  more  people  or  more  wealth, 
more  wilderness  or  more  automobiles,  more  food  for  the  poor 
or  more  services  for  the  rich?    Establishing  the  societal  an- 
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swers  to  questions  like  these  and  translating  those  answers  into 
poUcy  is  the  essence  of  the  poHtical  process.  Yet  few  people 
in  any  society  even  realize  that  such  choices  are  being  made 
every  day,  much  less  ask  themselves  what  their  own  choices 
would  be.  The  equilibrium  society  will  have  to  weigh  the 
trade-oif  s  engendered  by  a  finite  earth  not  only  with  considera- 
tion of  present  human  values  but  also  with  consideration  of 
future  generations.  To  do  that,  society  will  need  better  means 
than  exist  today  for  clarifying  the  realistic  alternatives  available, 
for  establishing  societal  goals,  and  for  achieving  the  alternatives 
that  are  most  consistent  with  those  goals.  But  most  important 
of  all,  long-term  goals  must  be  specified  and  short-term  goals 
made  consistent  with  them. 

Although  we  underline  the  need  for  more  study  and  discus- 
sion of  these  difficult  questions,  we  end  on  a  note  of  urgency. 
We  hope  that  intensive  study  and  debate  will  proceed  simul- 
taneously with  an  ongoing  program  of  action.  The  details  are 
not  yet  specified,  but  the  general  direction  for  action  is  obvious. 
Enough  is  known  already  to  analyze  many  proposed  policies  in 
terms  of  their  tendencies  to  promote  or  to  regulate  growth. 
Numerous  nations  have  adapted  or  are  considering  programs 
to  stabilize  their  populations.  Some  localized  areas  are  also 
trying  to  reduce  their  rates  of  economic  growth.  ^^  These  ef- 
forts are  weak  at  the  moment,  but  they  could  be  strengthened 
very  quickly  if  the  goal  of  equilibrium  were  recognized  as  de- 
sirable and  important  by  any  sizable  part  of  human  society. 

We  have  repeatedly  emphasized  the  importance  of  the  na- 
tural delays  in  the  population-capital  system  of  the  world. 
These  delays  mean,  for  example,  that  if  Mexico's  birth  rate 
gradually  declined  from  its  present  value  to  an  exact  replace- 
ment value  by  the  year  2000,  the  country's  population  would 
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continue  to  grow  until  the  year  2060.  During  that  time  the 
population  would  grow  from  50  million  to  130  million.  ^*  If 
the  United  States  population  had  two  children  per  family  start- 
ing now  and  if  there  were  no  net  immigration,  the  population 
would  still  continue  to  grow  until  the  year  2037,  and  it  would 
increase  from  200  million  to  266  million.'*^  If  world  population 
as  a  whole  reached  a  replacement-size  family  by  the  year  2000 
(at  which  time  the  population  would  be  5.8  billion),  the  delays 
caused  by  the  age  structure  would  result  in  a  final  leveling-off 
of  population  at  8.2  billion^®  (assuming  that  the  death  rate 
would  not  rise  before  then — an  unlikely  assumption,  accord- 
ing to  our  model  results). 

Taking  no  action  to  solve  these  problems  is  equivalent  to 
taking  strong  action.  Every  day  of  continued  exponential 
growth  brings  the  world  system  closer  to  the  ultimate  limits 
to  that  growth.  A  decision  to  do  nothing  is  a  decision  to  in- 
crease the  risk  of  collapse.  We  cannot  say  with  certainty  how 
much  longer  mankind  can  postpone  initiating  deliberate  con- 
trol of  his  growth  before  he  will  have  lost  the  chance  for  con- 
trol. We  suspect  on  the  basis  of  present  knowledge  of  the 
physical  constraints  of  the  planet  that  the  growth  phase  can- 
not continue  for  another  one  hundred  years.  Again,  because  of 
the  delays  in  the  system,  if  the  global  society  waits  until  those 
constraints  are  unmistakably  apparent,  it  will  have  waited  too 
long. 

If  there  is  cause  for  deep  concern,  there  is  also  cause  for  hope. 
Deliberately  limiting  growth  would  be  difficult,  but  not  im- 
possible. The  way  to  proceed  is  clear,  and  the  necessary  steps, 
although  they  are  new  ones  for  human  society,  are  well  within 
human  capabilities.  Man  possesses,  for  a  small  moment  in  his 
history,  the  most  powerful  combination  of  knowledge,  tools. 
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and  resources  the  world  has  ever  known.  He  has  all  that  is 
physically  necessary  to  create  a  totally  new  form  of  human 
society — one  that  would  be  built  to  last  for  generations.  The 
two  missing  ingredients  are  a  realistic,  long-term  goal  that  can 
guide  mankind  to  the  equilibrium  society  and  the  human  will 
to  achieve  that  goal.  Without  such  a  goal  and  a  commitment 
to  it,  short-term  concerns  will  generate  the  exponential  growth 
that  drives  the  world  system  toward  the  limits  of  the  earth  and 
ultimate  collapse.  With  that  goal  and  that  commitment,  man- 
kind would  be  ready  now  to  begin  a  controlled,  orderly  transi- 
tion from  growth  to  global  equilibrium. 
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COMMENTARY 


In  inviting  the  MIT  team  to  undertake  this  investigation,  we 
had  two  immediate  objectives  in  mind.  One  was  to  gain 
insights  into  the  Umits  of  our  world  system  and  the  constraints 
it  puts  on  human  numbers  and  activity.  Nowadays,  more  than 
ever  before,  man  tends  toward  continual,  often  accelerated, 
growth — of  population,  land  occupancy,  production,  consump- 
tion, waste,  etc. — blindly  assuming  that  his  environment  will 
permit  such  expansion,  that  other  groups  will  yield,  or  that 
science  and  technology  will  remove  the  obstacles.  We  wanted 
to  explore  the  degree  to  which  this  attitude  toward  growth 
is  compatible  with  the  dimensions  of  our  finite  planet  and 
with  the  fundamental  needs  of  our  emerging  world  society — 
from  the  reduction  of  social  and  political  tensions  to  improve- 
ment in  the  quality  of  life  for  all. 

A  second  objective  was  to  help  identify  and  study  the  domi- 
nant elements,  and  their  interactions,  that  influence  the  long- 
term  behavior  of  world  systems.  Such  knowledge,  we  believe, 
cannot  be  gathered  by  concentrating  on  national  systems  and 
short-run  analyses,  as  is  the  current  practice.  The  project  was 
not  intended  as  a  piece  of  futurology.  It  was  intended  to  be, 
and  is,  an  analysis  of  current  trends,  of  their  influence  on  each 
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other,  and  of  their  possible  outcomes.  Our  goal  was  to  pro- 
vide warnings  of  potential  world  crisis  if  these  trends  are 
allowed  to  continue,  and  thus  ofi[er  an  opportunity  to  make 
changes  in  our  political,  economic,  and  social  systems  to  ensure 
that  these  crises  do  not  take  place. 

The  report  has  served  these  purposes  well.  It  represents  a 
bold  step  toward  a  comprehensive  and  integrated  analysis  of 
the  world  situation,  an  approach  that  will  now  require  years 
to  refine,  deepen,  and  extend.  Nevertheless,  this  report  is  only 
a  first  step.  The  limits  to  growth  it  examines  are  only  the 
known  uppermost  physical  limits  imposed  by  the  finiteness 
of  the  world  system.  In  reality,  these  limits  are  further  reduced 
by  political,  social,  and  institutional  constraints,  by  inequitable 
distribution  of  population  and  resources,  and  by  our  inability 
to  manage  very  large  intricate  systems. 

But  the  report  serves  further  purposes.  It  advances  tentative 
suggestions  for  the  future  state  of  the  world  and  opens  new 
perspectives  for  continual  intellectual  and  practical  endeavor 
to  shape  that  future. 

We  have  presented  the  findings  of  this  report  at  two  inter- 
national meetings.  Both  were  held  in  the  summer  of  1971, 
one  in  Moscow  and  the  other  in  Rio  de  Janeiro.  Although 
there  were  many  questions  and  criticisms  raised,  there  was  no 
substantial  disagreement  with  the  perspectives  described  in  this 
report.  A  preliminary  draft  of  the  report  was  also  submitted 
to  some  forty  individuals,  most  of  them  members  of  The  Club 
of  Rome,  for  their  comments.  It  may  be  of  interest  to  mention 
some  of  the  main  points  of  criticism: 

1.  Since  models  can   accommodate  only   a   limited  number 
of  variables,  the  interactions  studied  are  only  partial.  It  was 
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pointed  out  that  in  a  global  model  such  as  the  one  used  in  this 
study  the  degree  of  aggregation  is  necessarily  high  as  well. 
Nevertheless,  it  was  generally  recognized  that,  with  a  simple 
world  model,  it  is  possible  to  examine  the  effect  of  a  change 
in  basic  assumptions  or  to  simulate  the  effect  of  a  change  in 
policy  to  see  how  such  changes  influence  the  behavior  of  the 
system  over  time.  Similar  experimentation  in  the  real  world 
would  be  lengthy,  costly,  and  in  many  cases  impossible. 

2.  It  was  suggested  that  insufficient  weight  had  been  given 
to  the  possibilities  of  scientific  and  technological  advances  in 
solving  certain  problems,  such  as  the  development  of  fool- 
proof contraceptive  methods,  the  production  of  protein  from 
fossil  fuels,  the  generation  or  harnessing  of  virtually  limitless 
energy  (including  pollution-free  solar  energy),  and  its  subse- 
quent use  for  synthesizing  food  from  air  and  water  and 
for  extracting  minerals  from  rocks.  It  was  agreed,  however, 
that  such  developments  would  probably  come  too  late  to  avert 
demographic  or  environmental  disaster.  In  any  case  they 
probably  would  only  delay  rather  than  avoid  crisis,  for  the 
problematique  consists  of  issues  that  require  more  than  tech- 
nical solutions. 

3.  Others  felt  that  the  possibility  of  discovering  stocks  of  raw 
materials  in  areas  as  yet  insufficiently  explored  was  much 
greater  than  the  model  assumed.  But,  again,  such  discoveries 
would  only  postpone  shortage  rather  than  eliminate  it.  It  must, 
however,  be  recognized  that  extension  of  resource  availability 
by  several  decades  might  give  man  time  to  find  remedies. 

4.  Some  considered  the  model  too  "technocratic,"  observing 
that  it  did  not  include  critical  social  factors,  such  as  the  effects 
of  adoption  of  different  value  systems.  The  chairman  of  the 
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Moscow  meeting  summed  up  this  point  when  he  said,  "Man 
is  no  mere  biocybernetic  device."  This  criticism  is  readily 
admitted.  The  present  model  considers  man  only  in  his  mate- 
rial system  because  valid  social  elements  simply  could  not  be 
devised  and  introduced  in  this  first  effort.  Yet,  despite  the 
model's  material  orientation,  the  conclusions  of  the  study  point 
to  the  need  for  fundamental  change  in  the  values  of  society. 

Overall,  a  majority  of  those  who  read  this  report  concurred 
with  its  position.  Furthermore,  it  is  clear  that,  if  the  argu- 
ments submitted  in  the  report  (even  after  making  allowance 
for  justifiable  criticism)  are  considered  valid  in  principle,  their 
significance  can  hardly  be  overestimated. 

Many  reviewers  shared  our  belief  that  the  essential  signifi- 
cance of  the  project  lies  in  its  global  concept,  for  it  is  through 
knowledge  of  wholes  that  we  gain  understanding  of  com- 
ponents, and  not  vice  versa.  The  report  presents  in  straight- 
forward form  the  alternatives  confronting  not  one  nation  or 
people  but  all  nations  and  all  peoples,  thereby  compelling  a 
reader  to  raise  his  sights  to  the  dimensions  of  the  world 
problematique.  A  drawback  of  this  approach  is  of  course  that 
— given  the  heterogeneity  of  world  society,  national  political 
structures,  and  levels  of  development — the  conclusions  of  the 
study,  although  valid  for  our  planet  as  a  whole,  do  not  apply 
in  detail  to  any  particular  country  or  region. 

It  is  true  that  in  practice  events  take  place  in  the  world 
sporadically  at  points  of  stress — not  generally  or  simultaneously 
throughout  the  planet.  So,  even  if  the  consequences  anticipated 
by  the  model  were,  through  human  inertia  and  political  diffi- 
culties, allowed  to  occur,  they  would  no  doubt  appear  first 
in  a  series  of  local  crises  and  disasters. 

But  it  is  probably  no  less  true  that  these  crises  would  have 
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repercussions  worldwide  and  that  many  nations  and  people, 
by  taking  hasty  remedial  action  or  retreating  into  isolationism 
and  attempting  self-sufficiency,  would  but  aggravate  the  con- 
ditions operating  in  the  system  as  a  whole.  The  interdepen- 
dence of  the  various  components  of  the  world  system  would 
make  such  measures  futile  in  the  end.  War,  pestilence,  a  raw 
materials  starvation  of  industrial  economies,  or  a  generalized 
economic  decay  would  lead  to  contagious  social  disintegration. 

Finally,  the  report  was  considered  particularly  valuable  in 
pointing  out  the  exponential  nature  of  human  growth  within 
a  closed  system,  a  concept  rarely  mentioned  or  appreciated  in 
practical  politics  in  spite  of  its  immense  implications  for  the 
future  of  our  finite  planet.  The  MIT  project  gives  a  reasoned 
and  systematic  explanation  of  trends  of  which  people  are  but 
dimly  aware. 

The  pessimistic  conclusions  of  the  report  have  been  and  no 
doubt  will  continue  to  be  a  matter  for  debate.  Many  will 
believe  that,  in  population  growth,  for  instance,  nature  will 
take  remedial  action,  and  birth  rates  will  decline  before  catas- 
trophe threatens.  Others  may  simply  feel  that  the  trends 
identified  in  the  study  are  beyond  human  control;  these 
people  will  wait  for  "something  to  turn  up."  Still  others  will 
hope  that  minor  corrections  in  present  policies  will  lead  to  a 
gradual  and  satisfactory  readjustment  and  possibly  to  equilib- 
rium. And  a  great  many  others  are  apt  to  put  their  trust  in 
technology,  with  its  supposed  cornucopia  of  cure-all  solutions. 

We  welcome  and  encourage  this  debate.  It  is  important, 
in  our  opinion,  to  ascertain  the  true  scale  of  the  crisis  con- 
fronting mankind  and  the  levels  of  severity  it  is  likely  to  reach 
during  the  next  decades. 

From  the  response  to  the  draft  report  we  distributed,  we 
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believe  this  book  will  cause  a  growing  number  of  people 
throughout  the  world  to  ask  themselves  in  earnest  whether 
the  momentum  of  present  growth  may  not  overshoot  the 
carrying  capacity  of  this  planet — and  to  consider  the  chilling 
alternatives  such  an  overshoot  implies  for  ourselves,  our  chil- 
dren, and  our  grandchildren. 

How  do  we,  the  sponsors  of  this  project,  evaluate  the 
report?  We  cannot  speak  definitively  for  all  our  colleagues  in 
The  Club  of  Rome,  for  there  are  differences  of  interest, 
emphasis,  and  judgment  among  them.  But,  despite  the  pre- 
liminary nature  of  the  report,  the  limits  of  some  of  its  data, 
and  the  inherent  complexity  of  the  world  system  it  attempts 
to  describe,  we  are  convinced  of  the  importance  of  its  main 
conclusions.  We  believe  that  it  contains  a  message  of  much 
deeper  significance  than  a  mere  comparison  of  dimensions,  a 
message  relevant  to  all  aspects  of  the  present  human  predica- 
ment. 

Although  we  can  here  express  only  our  preliminary  views, 
recognizing  that  they  still  require  a  great  deal  of  reflection 
and  ordering,  we  are  in  agreement  on  the  following  points: 

1.  We  are  convinced  that  realization  of  the  quantitative  re- 
straints of  the  world  environment  and  of  the  tragic  conse- 
quences of  an  overshoot  is  essential  to  the  initiation  of  new 
forms  of  thinking  that  will  lead  to  a  fundamental  revision 
of  human  behavior  and,  by  implication,  of  the  entire  fabric 
of  present-day  society. 

It  is  only  now  that,  having  begun  to  understand  something 
of  the  iqteractions  between  demographic  growth  and  economic 
growth,  and  having  reached  unprecedented  levels  in  both, 
man  is  forced  to  take  account  of  the  limited  dimensions  of 
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his  planet  and  the  ceiHngs  to  his  presence  and  activity  on  it. 
For  the  first  time,  it  has  become  vital  to  inquire  into  the  cost 
of  unrestricted  material  grov^'th  and  to  consider  alternatives 
to  its  continuation. 

2.  We  are  further  convinced  that  demographic  pressure  in 
the  world  has  already  attained  such  a  high  level,  and  is  more- 
over so  unequally  distributed,  that  this  alone  must  compel 
mankind  to  seek  a  state  of  equilibrium  on  our  planet. 

Underpopulated  areas  still  exist;  but,  considering  the  world 
as  a  whole,  the  critical  point  in  population  growth  is  approach- 
ing, if  it  has  not  already  been  reached.  There  is  of  course  no 
unique  optimum,  long-term  population  level;  rather,  there  are 
a  series  of  balances  between  population  levels,  social  and 
material  standards,  personal  freedom,  and  other  elements 
making  up  the  quality  of  life.  Given  the  finite  and  diminishing 
stock  of  nonrenewable  resources  and  the  finite  space  of  our 
globe,  the  principle  must  be  generally  accepted  that  growing 
numbers  of  people  will  eventually  imply  a  lower  standard  of 
living — and  a  more  complex  problematique.  On  the  other 
hand,  no  fundamental  human  value  would  be  endangered  by  a 
leveling  off  of  demographic  growth. 

3.  We  recognize  that  world  equilibrium  can  become  a  reality 
only  if  the  lot  of  the  so-called  developing  countries  is  sub- 
stantially improved,  both  in  absolute  terms  and  relative  to 
the  economically  developed  nations,  and  we  affirm  that  this 
improvement  can  be  achieved  only  through  a  global  strategy. 

Short  of  a  world  effort,  today's  already  explosive  gaps  and 
inequalities  will  continue  to  grow  larger.  The  outcome  can 
only  be  disaster,  whether  due  to  the  selfishness  of  individual 
countries  that  continue  to  act  purely  in  their  own  interests, 
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or  to  a  power  struggle  between  the  developing  and  developed 
nations.  The  world  system  is  simply  not  ample  enough  nor 
generous  enough  to  accommodate  much  longer  such  egocen- 
tric and  conflictive  behavior  by  its  inhabitants.  The  closer  we 
come  to  the  material  limits  to  the  planet,  the  more  difficult 
this  problem  will  be  to  tackle. 

4.  We  affirm  that  the  global  issue  of  development  is,  however, 
so  closely  interlinked  with  other  global  issues  that  an  overall 
strategy  must  be  evolved  to  attack  all  major  problems,  includ- 
ing in  particular  those  of  man's  relationship  with  his  environ- 
ment. 

With  world  population  doubling  time  a  little  more  than 
30  years,  and  decreasing,  society  will  be  hard  put  to  meet 
the  needs  and  expectations  of  so  many  more  people  in  so 
short  a  period.  We  are  likely  to  try  to  satisfy  these  demands 
by  overexploiting  our  natural  environment  and  further  impair- 
ing the  life-supporting  capacity  of  the  earth.  Hence,  on  both 
sides  of  the  man-environment  equation,  the  situation  will  tend 
to  worsen  dangerously.  We  cannot  expect  technological  solu- 
tions alone  to  get  us  out  of  this  vicious  circle.  The  strategy 
for  dealing  with  the  two  key  issues  of  development  and  en- 
vironment must  be  conceived  as  a  joint  one. 

5.  We  recognize  that  the  complex  world  problematique  is  to 
a  great  extent  composed  of  elements  that  cannot  be  expressed 
in  measurable  terms.  Nevertheless,  we  believe  that  the  pre- 
dominantly (Quantitative  approach  used  in  this  report  is  an 
indispensable  tool  for  understanding  the  operation  of  the 
problematique.  And  we  hope  that  such  knowledge  can  lead 
to  a  mastery  of  its  elements. 

Although  all  major  world  issues  are  fundamentally  linked, 
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no  method  has  yet  been  discovered  to  tackle  the  whole  effec- 
tively. The  approach  we  have  adopted  can  be  extremely  useful 
in  reformulating  our  thinking  about  the  entire  human  pre- 
dicament. It  permits  us  to  define  the  balances  that  must  exist 
within  human  society,  and  between  human  society  and  its 
habitat,  and  to  perceive  the  consequences  that  may  ensue  when 
such  balances  are  disrupted. 

6.  We  are  unanimously  convinced  that  rapid,  radical  redress- 
ment  of  the  present  unbalanced  and  dangerously  deteriorating 
world  situation  is  the  primary  task  facing  humanity. 

Our  present  situation  is  so  complex  and  is  so  much  a  reflec- 
tion of  man's  multiple  activities,  however,  that  no  combination 
of  purely  technical,  economic,  or  legal  measures  and  devices 
can  bring  substantial  improvement.  Entirely  new  approaches 
are  required  to  redirect  society  toward  goals  of  equilibrium 
rather  than  growth.  Such  a  reorganization  will  involve  a 
supreme  effort  of  understanding,  imagination,  and  political 
and  moral  resolve.  We  believe  that  the  effort  is  feasible  and 
we  hope  that  this  publication  will  help  to  mobilize  forces  to 
make  it  possible. 

7.  This  supreme  effort  is  a  challenge  for  our  generation.  It 
cannot  be  passed  on  to  the  next.  The  effort  must  be  resolutely 
undertaken  without  delay,  and  significant  redirection  must  be 
achieved  during  this  decade. 

Although  the  effort  may  initially  focus  on  the  implications 
of  growth,  particularly  of  population  growth,  the  totality  of 
the  world  problematique  will  soon  have  to  be  addressed.  We 
believe  in  fact  that  the  need  will  quickly  become  evident  for 
social  innovation  to  match  technical  change,  for  radical  reform 
of  institutions  and  political  processes  at  all  levels,  including 
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the  highest,  that  of  world  polity.  We  are  confident  that  our 
generation  will  accept  this  challenge  if  we  understand  the 
tragic  consequences  that  inaction  may  bring. 

8.  We  have  no  doubt  that  if  mankind  is  to  embark  on  a  new 
course,  concerted  international  measures  and  joint  long-term 
planning  will  be  necessary  on  a  scale  and  scope  without 
precedent. 

Such  an  effort  calls  for  joint  endeavor  by  all  peoples,  what- 
ever their  culture,  economic  system,  or  level  of  development. 
But  the  major  responsibility  must  rest  with  the  more  developed 
nations,  not  because  they  have  more  vision  or  humanity,  but 
because,  having  propagated  the  growth  syndrome,  they  are 
still  at  the  fountainhead  of  the  progress  that  sustains  it.  As 
greater  insights  into  the  condition  and  workings  of  the  world 
system  are  developed,  these  nations  will  come  to  realize  that, 
in  a  world  that  fundamentally  needs  stability,  their  high 
plateaus  of  development  can  be  justified  or  tolerated  only  if 
diey  serve  not  as  springboards  to  reach  even  higher,  but  as 
staging  areas  from  which  to  organize  more  equitable  distri- 
bution of  wealth  and  income  worldwide. 

9.  We  unequivocally  support  the  contention  that  a  brake 
imposed  on  world  demographic  and  economic  growth  spirals 
must  not  lead  to  a  freezing  of  the  status  quo  of  economic 
development  of  the  world's  nations. 

If  such  a  proposal  were  advanced  by  the  rich  nations,  it 
would  be  taken  as  a  final  act  of  neocolonialism.  The  achieve- 
ment of  a  harmonious  state  of  global  economic,  social,  and 
ecological  equilibrium  must  be  a  joint  venture  based  on  joint 
conviction,  with  benefits  for  all.  The  greatest  leadership  will 
be  demanded  from  the  economically  developed  countries,  for 
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the  first  step  toward  such  a  goal  would  be  for  them  to  encour- 
age a  deceleration  in  the  growth  of  their  own  material  output 
while,  at  the  same  time,  assisting  the  developing  nations  in 
their  efforts  to  advance  their  economies  more  rapidly. 

10.  We  affirm  finally  that  any  deliberate  attempt  to  reach  a 
rational  and  enduring  state  of  equilibrium  by  planned  mea- 
sures, rather  than  by  chance  or  catastrophe,  must  ultimately 
be  founded  on  a  basic  change  of  values  and  goals  at  individual, 
national,  and  world  levels. 

This  change  is  perhaps  already  in  the  air,  however  faintly. 
But  our  tradition,  education,  current  activities,  and  interests 
will  make  the  transformation  embattled  and  slow.  Only  real 
comprehension  of  the  human  condition  at  this  turning  point 
in  history  can  provide  sufficient  motivation  for  people  to  accept 
the  individual  sacrifices  and  the  changes  in  political  and  eco- 
nomic power  structures  required  to  reach  an  equilibrium  staite. 

The  question  remains  of  course  whether  the  world  situation 
is  in  fact  as  serious  as  this  book,  and  our  comments,  would 
indicaite.  We  firmly  believe  that  the  warnings  this  book  con- 
tains are  amply  justified,  and  that  the  aims  and  actions  of  our 
present  civilization  can  only  aggravate  the  problems  of  tomor- 
row. But  we  would  be  only  too  happy  if  our  tentative  assess- 
ments should  prove  too  gloomy. 

In  any  event,  our  posture  is  one  of  very  grave  concern,  but 
not  of  despair.  The  report  describes  an  alternative  to  unchecked 
and  disastrous  growth  and  puts  forward  some  thoughts  on  the 
policy  changes  that  could  produce  a  stable  equilibrium  for 
mankind.  The  report  indicates  that  it  may  be  within  our 
reach  to  provide  reasonably  large  populations  with  a  good 
material  life  plus  opportunities  for  limitless  individual  and 
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social  development.  We  are  in  substantial  agreement  with 
that  view,  although  we  are  realistic  enough  not  to  be  carried 
away  by  purely  scientific  or  ethical  speculations. 

The  concept  of  a  society  in  a  steady  state  of  economic  and 
ecological  equilibrium  may  appear  easy  to  grasp,  although  the 
reality  is  so  distant  from  our  experience  as  to  require  a  Coper- 
nican  revolution  of  the  mind.  Translating  the  idea  into  deed, 
though,  is  a  task  filled  with  overwhelming  difficulties  and 
complexities.  We  can  talk  seriously  about  where  to  start  only 
when  the  message  of  The  Limits  to  Growth,  and  its  sense  of 
extreme  urgency,  are  accepted  by  a  large  body  of  scientific, 
political,  and  popular  opinion  in  many  countries.  The  transi- 
tion in  any  case  is  likely  to  be  painful,  and  it  will  make  extreme 
demands  on  human  ingenuity  and  determination.  As  we  have 
mentioned,  only  the  conviction  that  there  is  no  other  avenue 
to  survival  can  liberate  the  moral,  intellectual,  and  creative 
forces  required  to  initiate  this  unprecedented  human  under- 
taking. 

But  we  wish  to  underscore  the  challenge  rather  than  the 
difficulty  of  mapping  out  the  road  to  a  stable  state  society. 
We  believe  that  an  unexpectedly  large  number  of  men  and 
women  of  all  ages  and  conditions  will  readily  respond  to  the 
challenge  and  will  be  eager  to  discuss  not  //  but  how  we  can 
create  this  new  future. 

The  Club  of  Rome  plans  to  support  such  activity  in  many 
ways.  The  substantive  research  begun  at  MIT  on  world 
dynamics  will  be  continued  both  at  MIT  and  through  studies 
conducted  in  Europe,  Canada,  Latin  America,  the  Soviet 
Union,  and  Japan.  And,  since  intellectual  enlightenment  is 
without  effect  if  it  is  not  also  political.  The  Club  of  Rome  also 
will  encourage  the  creation  of  a  world  forum  where  statesmen, 
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policy-makers,  and  scientists  can  discuss  the  dangers  and  hopes 
for  the  future  global  system  without  the  constraints  of  formal 
intergovernmental  negotiation. 

The  last  thought  we  wish  to  offer  is  that  man  must  explore 
himself — his  goals  and  values — as  much  as  the  world  he  seeks 
to  change.  The  dedication  to  both  tasks  must  be  unending. 
The  crux  of  the  matter  is  not  only  whether  the  human  species 
will  survive,  but  even  more  whether  it  can  survive  without 
falling  into  a  state  of  worthless  existence. 

The  Executive  Committee  of  The  Club  of  Rome 
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[From  Time,  Aug.   14,   1972] 
Can  the  World  Survive  Economic  Growth? 

(TIME  Essay  by  George  J.  Church) 

In  biology,  growth  is  a  distinguishing  mark  of  life ;  in  economics  it  has  long 
seemed  the  sine  qua  non  of  the  good  life.  Adam  Smith  argued  in  1776  that  "it  is 
not  the  actual  greatness  of  national  wealth,  but  its  continual  increase,  which 
occasions  a  rise  in  the  wages  of  labor."  Economists  ever  since  have  insisted  that 
only  a  rapid  increase  in  output  could  lift  mankind  out  of  poverty.  Politicians 
of  every  ideology  have  dedicated  themselves  to  raising  production,  to  the  applause 
of  their  constituents. 

Now,  however,  many  scientists  and  social  reformers  have  begun  to  regard 
perpetual  economic  growth  as  malignant.  Their  increasingly  fashionable  fear  is 
that  production  increases  will  destroy  civilization,  either  by  stripping  the  earth 
of  natural  resources  or  by  choking  humanity  in  a  cloud  of  pollution.  Sicco  Mans- 
holt.  outgoing  president  of  the  European  Common  Market  Commission,  has  re- 
marked that  in  Western  Europe,  American  and  Japan,  gross  national  product 
"has  been  thought  of  as  something  sacred — 'but  G.N.P.  is  diabolical."  Walter 
Heller,  a  member  of  Time's  Board  of  Economists,  complains  that  a  speaker  who 
ventures  a  good  word  for  rising  output  is  immediately  assailed  as  a  "growth 
maniac"  or  an  "abominable  growthman." 

Antigrowth  sentiment  has  been  swelling  for  years,  but  the  biggest  push  came 
from  the  appearance  last  winter  of  a  197-page  book,  The  Limits  to  Growth,  which 
avowedly  aims  at  "a  Gopernican  revolution  of  the  mind"  (Time,  Jan.  24).  It  was 
prepared  by  a  team  of  17  scientists,  ranging  from  an  Iranian  population  expert 
to  a  Norwegian  specialist  on  pollution.  The  study  was  begun  by  Professor  Jay 
Forrester,  an  M.I.T.  pioneer  in  computer  analysis  of  likely  future  trends,  and 
completed  by  his  30-year-old  protege.  Dennis  L.  Meadows,  a  business  professor 
who  has  recently  moved  from  M.I.T.  to  Dartmouth.  The  study  was  sponsored, 
endorsed  and  publicized  by  the  Club  of  Rome,  an  organization  of  distinguished 
industrialists,  bankers  and  scientists  from  25  countries. 

Meadows  is  no  latter-day  Mai  thus  prophesying  doom  on  the  basis  of  intuition ; 
instead  he  has  produced  the  first  vision  of  the  apocalypse  ever  prepared  by  com- 
puter. His  team  built  a  computer  model  of  the  world,  fed  the  machine  masses 
of  data  on  population  and  industrial  growth  rates,  farm  yields  and  the  like,  and 
constructed  "feedback  loops"  to  gauge  the  effects  of  changes  in  one  variable,  like 
food  production,  on  another,  like  birth  rates.  In  restrained,  nonhysterical,  at 
times  almost  apologetic  language,  the  team  insists  that  unchecked  growth  can 
have  only  one  outcome :  "A  rather  sudden  and  uncontrollable  decline  in  both 
population  and  industrial  capacity"  some  time  before  the  year  2100. 

Meadows'  villain  is  "exponential  growth"  at  a  regular  annual  percentage.  Each 
year's  growth  yields  a  bigger  absolute  increase  because  it  is  applied  to  a  larger 
base :  the  result  is  that  growth  accelerates  rapidly,  like  compound  interest.  In 
the  M.I.T.  computers,  exponential  growth  showed  a  terrifying  tendency  to  "over- 
shoot and  collapse."  The  study  asserts  that  if  the  world's  population  continues 
to  grow  at  about  2%  annually,  and  global  industrial  output  expands  about  7% 
a  year  (as  they  do  now),  then  some  time  during  the  life  span  of  children  bom 
today,  the  world  AAill  begin  running  out  of  natural  resources  such  as  coal,  oil 
and  metals.  For  lack  of  them,  industries  will  collapse  by  the  mid-21st  century 
(give  or  take  a  few  decades).  Because  industries  will  no  longer  be  able  to  pro- 
duce enousrh  fertilizers,  pesticides  or  medicines,  famine  and  epidemic  will  kill 
much  of  the  human  race,  and  the  lives  of  the  rest  will  fit  Thomas  Hobbes'  de- 
scrintion  :  "Nasty,  brutish  and  short." 

The  study  closes  almost  every  escape  hatch.  Technology,  it  concedes,  can  multi- 
ply usable  resources :  but  if  that  happens,  industries  will  grow  at  an  exponential 
rate  and  will  ultimatelv  foul  the  atmosphere  enough  to  kill  most  people.  Pollu- 
tion per  unit  of  output  could  perhaps  be  cut  by  three-fourths.  But  that  would 
do  nothing  to  check  the  exponential  growth  of  population,  and  the  world  would 
soon  run  out  of  arable  land,  leading  to  mass  starvation.  Popiilation  growth  could 
be  halted  :  but  that  would  only  postpone  the  cataclysm  unless  industrial  growth 
were  stopped  too.  If  it  persisted,  output  would  soon  quadruple,  canceling  the 
benefits  of  the  75%  reduction  in  pollution  :  thereafter  pollution  would  rise  drama- 
tically, causing  hecatombs  by  poisoning.  There  is  only  one  way  out.  says  the 
report :  economic  as  well  as  population  growth  must  be  stopped  cold  some  time 
between  1975  and  1990  bv  holding  world  investment  in  new  plant  and  machinery 
equal  to  the  rate  at  which  physical  capital  wears  out. 


183 

This  status  quo  prescription — tlie  report  calls  it  "global  equilibrium" — is  as 
chilling  as  the  doomsday  prophecy.  Halting  economic  growth  is  not  merely  a 
matter  of  the  already  affluent  giving  up  such  frills  as  electric  toothbrushes  or 
power  windows.  Sacrifices  would  be  made  by  the  poor,  who  have  not  yet  collected 
the  benefits  of  the  industrial  revolution.  Economic  growth  does  not  necessarily 
guarantee  that  the  luiemployed  Mississippi  Delta  black  or  the  Vietnamese  ijeasant 
will  some  day  enjoy  a  balanced  diet  or  a  private  room.  But  shopping  growth  could 
all  too  easily  foreclose  even  the  possibility. 

Redistribution  of  existing  wealth  is  no  solution,  because  the  rich  and  middle 
classes  would  not  give  uj)  their  wealth  unless  it  was  forcibly  taken  from  them. 
Thus  the  redistribution  would  imply  a  .series  of  violent  revolutions  and  wars  over 
the  ownership  of  oil  wells,  ore  mines  and  fertile  farm  land.  At  best,  even  these 
could  produce  only  an  equality  of  misery. 

More  than  that,  a  no-growth  world  would  have  extreme  diflBculty  providing 
either  social  justice  or  freedom.  It  is  hard  to  see  how  growth  could  be  halted,  or 
even  substantially  slowed,  without  a  world  dictatorship — the  more  so  as  citizens 
of  underdeveloped  countries  already  suspect  that  the  no-growth  argument  is  an 
elitist,  aristocratic,  white  man's  conspiracy  to  lock  them  into  pei-petual  poverty. 
It  would  do  little  good  to  stop  growth  in  the  U.S.  if  it  raged  on  in  Algeria  and 
Indonesia.  At  mininuim,  people  would  have  to  be  told  that  they  could  not  buy  the 
flush  toilets  or  transistor  radios  that  they  desire  because  computers  had  decreed 
that  no  more  resources  could  be  invested  in  producing  them.  Corporations  would 
have  a  hard  time  expanding;  for  every  one  that  did  expand,  another  company 
would  have  to  contract.  Could  freedom  of  speech  survive?  Demagogues  would 
surely  promise  comfort  to  the  poor  if  only  growth  could  be  resumed:  that  siren 
song  would  have  to  be  silenced. 

Even  the  authors  of  the  Club  of  Rome  report  confess  that  there  is  only  one 
conceivable  reason  for  stopping  growth :  that  is  the  only  way  to  prevent  certain 
global  cataclysm.  But  is  it  really? 

The  book  presents  an  elusive  target  because  the  Club  of  Rome  will  not  publish 
until  next  montli  the  statistics  that  Meadows  used.  Already,  though,  critics  are 
sharply  as.sailing  Meadows'  methodology.  Their  most  telling  point  is  that  the 
M.I.T.  computer  shows  only  the  "bad"  trends — such  as  population  and  economic 
growth — increasing  exponentially.  Some  tendencies  that  might  save  the  world 
are  allowed  only  "linear"  growth,  as  in  simple  interest  rates.  The  difference  is 
dramatic.  At  exponential  rates,  anything  that  grows  7%  a  year  would  double  in 
size  in  just  over  ten  years  and  increase  by  86,672%  in  100  years.  But  at  linear 
rates,  a  7%  increase  would  lead  to  a  doubling  in  just  over  14  years  and  an 
increa.se  of  700%  in  100  years. 

Critics  of  the  Club  of  Rome  report  insist  that  exponential  growth  is  also  possi- 
ble in  the  technology  that  enables  society  to  iitilize  new  resources,  wring  more 
food  from  the  land  and  curb  pollution.  In  the  resources  field,  some  experts  sketch 
this  scenario:  long  before  resources  run  out,  scai-cities  would  force  price  boosts. 
The  expense  would  prod  industrialists  and  consumers  to  sul)stitute  one  material 
for  another,  develop  recycling  techniques  to  use  existing  supplies  more  efficiently, 
and  redouble  efforts  to  find  ways  of  using  materials^for  example,  oil-bearing 
shale — that  were  previously  uneconomic  or  technically  impossible  to  exploit. 
Before  long,  commercial  hamassing  of  thermonuclear  fusion  could  make  available 
limitless  quantities  of  low-cost  energy,  which  could  in  turn  be  used  to  unlock  new 
raw  materials  from  the  earth. 

Ecologist  Barry  Commoner,  a  vehement  foe  of  mindless  growth,  considers 
Meadows'  treatment  of  pollution  "quite  simplistic."  It  assumes  that  more  growth 
inevitably  means  more  pollution.  Yet  the  alarming  rise  in  pollution,  says  Com- 
moner, has  been  caused  not  by  growth  per  se  but  by  changes  in  the  composition 
of  growth — for  example,  the  postwar  shifts  from  soaps  to  detergents.  Shifting 
back  to  cleaner  (and  costlier)  products  and  techniques  could  decrease  pollution 
much  more  than  the  Meadows  team  foresees,  while  permitting  output  to  continue 
rising.  In  essence,  the  Meadows  team  projected  current  trends  into  the  future 
without  analyzing  how  man  might  alter  them.  The  whole  exercise,  say  critics, 
proves  again  that  the  past  is  a  shaky  gauge  of  the  future,  and  that  the  value  of 
the  conclusions  coming  out  of  a  computer  depends  totally  on  the  quality  of  the 
assumptions  programmed  into  it.  Computer  men  sum  up  this  idea  with  the 
acronym  GIGO — "garbage  in,  garbage  out." 
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Yet  The  lAmits  to  Growth  cannot  be  dismissed  as  just  another  cry  of  wolf.  The 
catastrophes  that  it  predicts  could  happen.  Indeed,  the  world  is  now  getting  an 
ominous  foretaste  of  some  disasters.  In  Japan,  for  example,  superexponential 
growth  has  so  befouled  the  air  and  water  that  pollution  has  directly  caused  out- 
breaks of  serious  disease  and  death. 

Meadows  probably  erred  in  placing  the  potential  day  of  reckoning  around  2050, 
and  whether  it  comes  then  or  in,  say,  3050  makes  a  gargantuan  difference  to 
people  alive  today — and  to  their  immediate  heirs.  The  later  it  is,  the  more  chance 
there  is  in  the  interim  of  raising  the  world's  poor  toward  a  decent  life.  But  only 
a  superoptimist  would  insist  that  growth  can  continue  forever ;  that  would  pre- 
suppose that  resources  are  literally  infinite.  Even  if  the  earth's  resources  and  its 
capacity  to  absoi'b  pollution  could  be  extended  without  limit — or  if  humanity 
could  colonize  other  worlds — no  one  could  be  certain  that  that  could  be  done 
rapidly  enough  to  permit  infinite  growth  at  the  pace  and  of  the  type  occurring 
today.  To  banish  the  Club  of  Rome's  nightmares,  some  changes  in  growth  patterns 
should  start  now. 

Economists,  ecologists  and  entrepreneurs  should  strive  to  increase  clean,  non- 
polluting  growth  and  to  restrain  the  kind  of  growth  that  exhausts  resources  and 
pollutes  the  environment.  One  problem  is  that  there  is  no  reliable  indicator  that 
measures  and  distinguishes  between  different  kinds  of  growth.  Economic  per- 
formance is  gauged  by  the  gross  national  product,  a  truly  gross  and  misleading 
measure.  Activities  that  are  useless  (like  the  printing  of  reports  that  the  recip- 
ients throw  in  the  wastebasket  without  reading)  or  even  destructive  (the  develop- 
ment of  highly  polluting  production  technologies)  swell  G.N.P.  as  long  as  money 
is  spent  on  them.  At  best,  G.N.P.  tends  to  overemphasize  the  kind  of  growth 
symbolized  by  steel,  stamping  presses,  cars  and  dishwashers — precisely  the  kind 
that  chews  up  natui-al  resources  and  pours  out  pollution.  In  theory,  a  dollar  of 
salary  paid  to  a  Latin  scholar  weighs  as  heavily  as  a  dollar  of  wages  paid  to  an 
auto  worker;  but  in  practice,  hiring  six  auto  workers  increa.ses  G.N.P.  more  than 
hiring  six  public  school  teachers.  The  auto  workers  turn  out  a  product  that  is 
sold  for  more  dollars  that  further  swell  G.N.P. ;  the  teachers  do  not. 

A  better,  even  if  less  precise  measure  of  economic  growth  might  be  "an  in- 
crease in  material  well-being."  In  poor  countries,  the  redefinition  is  not  so  im- 
portant :  their  people  still  need  every  cooking  pot,  pair  of  shoes  and  bicycle  that 
can  be  produced.  But  in  the  industrialized  world,  and  especially  in  the  U.S.,  it  is 
possible  to  envision  a  policy  that  would  devote  a  dwindling  share  of  new  invest- 
ments to  traditional  industry  while  channeling  more  into  such  tasks  as  cleaning 
streets,  improving  education  and  law  enforcement,  upgrading  mass  transit  and 
expanding  low-cost  medical  service.  Such  a  program  in  the  developed  nations 
might  cause  G.N.P.  growth  to  slow,  though  not  stop,  since  stethoscopes  use  less 
metal  than  refrigerators  do.  For  that  very  reason,  this  program  would  conserve 
resources  and  minimize  pollution,  and  it  could  result  in  a  truer  as  well  as  a  cleaner 
kind  of  economic  growth.  Litter-free  streets,  safer  trains,  better  medical  care  and 
increased  protection  against  muggings  might  well  increase  human  well-being  more 
than  a  higher  output  of  cars,  chemicals  and  electric  can  openers.  Unemployment 
would  not  rise ;  fewer  people  would  work  in  basic  industries,  but  more  people 
would  find  jobs  as  teachers,  park  attendants  and  medical  technicians.  Poorer  na- 
tions could  continue  to  concentrate  on  increasing  G.N.P.,  though  the  poor,  too, 
should  ponder  whether  they  might  not  be  better  off  building  bicycle  plants  instead 
of  auto  assembly  lines,  even  if  car  factories  raise  G.N.P.  more. 

There  are  drawbacks.  The  Government  would  have  to  take  over  more  of  the 
direction  of  the  economy,  taxing  away  dollars  that  citizens  otherwise  would  use 
for  private  purchases  and  pouring  them  into  public  investments.  How  the  money 
left  in  the  private  economy  would  be  spent  could  be  mostly  left  to  the  market, 
but  the  Government  would  have  to  intervene  there  too.  Never  again,  for  example, 
could  industry  a.ssume  that  almost  any  new  production  technique  that  is  developed 
mu.st  be  put  into  u.se,  regardless  of  whether  it  conserves  or  depletes  resources,  re- 
duces or  increases  pollution.  Government  may  have  to  guide  the  decisions,  though 
that  could  be  done  by  tax,  depreciation  and  contracting  policy  rather  than  by 
dictatorial  fiat. 

To  carry  out  completely  such  a  .shift  in  public  policy,  and  the  change  in  popular 
psychology  on  which  it  must  be  based,  could  take  decades,  even  generations.  M.I.T. 
computers  to  the  contrary,  society  probably  has  the  time.  But  it  must  not  squander 
that  time  in  a  heedless  pursuit  of  the  wrong  kind  of  growth. 
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THE  COMPUTER 
THAT  PRINTED  OUT  W*0'^L'^F'^' 

By  Carl  Kay  sen 

^^^T^  HE  Limits  to  Growth"  is  a  brief,  forceful,  easily  read 
I  polemic  which  has  already  generated  many  times  its 
own  weight  in  enthusiastic  encomia  and  equally  strong 
condemnations.^  It  advances  a  familiar,  indeed  fashionable,  thesis. 
The  goals  and  institutions  of  our  present  world  society  stimulate 
population  growth  and  production  increase  at  a  rate  that  cannot 
be  sustained.  Further,  and  perhaps  less  familiarly,  we  are  now 
about  a  generation  from  the  point  of  no  return,  after  which  the 
world  must  suffer  a  catastrophic  drop  in  numbers  and  wealth,  no 
matter  what  is  then  done  to  restrain  further  growth.  The  argu- 
ment is  presented  with  a  sufficient  panoply  of  graphs,  flow  dia- 
grams, references  to  the  World  Model  and  the  new  discipline  of 
System  Dynamics,  and  invocations  of  the  computer  to  produce 
an  aura  of  scientific  authority  for  the  conclusions.  They  have  the 
additional  weight  of  the  endorsement  of  a  prestigious  private 
international  grou^of  respected  businessmen,  officials  and  aca- 
demics. The  Club  of  Rome,  in  a  commentary  appended  to  the 
study  and  signed  by  its  executive  committee.  It  is  my  conten- 
tion that  the  authors'  analysis  is  gravely  deficient  and  many  of 
their  strongest  and  most  striking  conclusions  unwarranted.  None 
the  less,  it  draws  attention  to  a  number  of  difficult  and  important 
problems  which  must  be  faced,  including  the  question  of  whether 
its  whole  approach  is  helpful  or  harmful  in  dealing  with  these 
real  problems. 

The  backbone  of  the  argument  of  "Limits"  is  simple,  and  re- 
quires little  elaborate  intellectual  machinery  to  develop.  Many 
significant  variables  that  characterize  our  global  society,  in  par- 
ticular population  and  industrial  production,  have  been  growing 
exponentially  over  the  last  century,  that  is,  at  a  constant  per- 
centage rate,  and  thus  showing  a  greater  and  greater  absolute 
increment  each  year.  The  processes  that  determine  this  persistent 
growth  at  constant  (roughly)  percentage  rates  lie  deep  in  the 
structure  of  our  social  order,  and  unless  we  deliberately  make 
drastic  changes  in  it,  they  may  be  expected  to  persist  and  continue 

1  "The  Limits  to  Growth,"  by  D.  H.  Meadows,  D.  L.  Meadows,  J.  Randers  and  W,  W. 
Behrenj  III.  New  York:  Universe  Books  (A  Potomac  Associates  Book),  1972. 
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to  generate  exponential  growth  in  the  future.  Many  important 
physical  aspects  of  the  world,  however,  are  finite,  and  their  finite- 
ness  implies  that  exponential  growth  cannot  go  on  indefinitely, 
without,  so  to  speak,  bumping  into  the  limits.  In  particular,  sup- 
plies of  cultivable  land,  reserves  of  mineral  resources  and  the 
capacity  of  the  earth  to  "absorb"  pollution  are  finite,  and  one  or 
another  of  these  (or  some  combination  of  them)  sets  a  ceiling 
level  for  population  and  industrial  output. 

What  is  more  important,  when  one  of  the  exponentially  grow- 
ing variables  reaches  the  ceiling,  it  does  not  simply  remain  at  the 
limit  value,  but  rather  moves  sharply  down  to  a  much  lower  level 
in  a  process  of  catastrophic  decline.  Thus  when  industrial  pro- 
duction, for  example,  reaches  a  ceiling  level  set  by  limits  on 
mineral  resources,  it  does  not  simply  remain  there  but  plunges 
from  a  wealth-  to  a  poverty-level  in  a  short  space  of  time.  It  is 
this  proposition,  together  with  some  of  the  characteristic  time 
dimensions  of  the  process  that  both  constitute  the  core  of  novelty 
in  the  book  and  justify  its  urgent  call  for  rapid  and  drastic  action. 

This  characteristic  sharp  shift  from  growth  to  decline  in  turn 
reflects  two  features  of  the  formal  model  which  underly  the 
computations  and  arguments  presented  in  the  book.'  The  first  is 
that  the  several  variables  and  limits  are  all  interrelated  in  a  sys- 
tem in  which  growth  in  each  of  the  main  variables  is  reinforced 
by  growth  in  the  others.  The  second  is  that  changes  in  some  ele- 
ments of  the  system  have  their  effects  on  others  only  after  a  long 
lag.  Thus,  for  example,  a  fall  in  the  birth  rate  affects  the  demand 
for  food  fully  only  after  a  lag  determined  by  the  average  length 
of  life. 

The  question  of  how  the  system  behaves  when  it  reaches  or 
approaches  a  limit  is  the  central  question  of  interest,  and  it  is 
worth  repeating  that  the  kind  of  behavior  which  the  authors  find 
characteristic  of  their  system  is  what  gives  their  argument  both 
its  interest  and  its  compelling  quality.  The  fact  that  some  limits 
exist,  that  the  earth  is  in  principle  finite,  is  hard  to  deny,  but  does 
not  in  itself  lead  to  any  very  interesting  conclusions.  Examples 
of  growth  systems  are  known  that  display  quite  different  be- 
havior as  they  approach  their  natural  limits  than  the  sharp  re- 
versals portrayed  in  "Limits."  For  instance,  a  system  in  which 

'The  details  of  the  model  are  not  given  in  the  present  volume,  but  are  developed  in 
a  series  of  technical  papers  listed  in  its  appendix,  and  in  the  book,  "World  Dynamics,"  by 
Jay  Forrester  (Cambridge,  Mass.:  Wright-Allen  Press,  1971).  Forrester  is  the  intellectual 
father  of  System  Dynamics. 
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the  rate  of  growth  of  the  major  variables  was  proportional  to 
their  distance  from  their  limits  would  show  a  smooth,  gradual, 
stable  adaptation  to  its  growth  ceiling. 

Further,  the  response  times  of  the  system  the  authors  present 
to  changes  in  some  of  the  key  variables  are  such  that  we  must 
anticipate  the  possibility  of  castastrophe  by  half  a  generation  or 
more,  in  order  to  have  time  to  act  and  avert  it.  By  the  time  we 
see  the  whites  of  their  eyes,  our  guns  will  no  longer  fire.  Thus 
the  book's  chief  conclusion,  endorsed  by  its  sponsors  in  The  Club 
of  Rome,  is  that  we  must  planfuUy,  radically  reorganize  the 
fundamental  institutions  of  our  social  world  soon  or  face  an 
unmanageable  crisis  not  so  late.  To  do  so,  we  must  now  recognize 
the  need,  and  begin  to  devise  the  means. 

The  analysis  supporting  these  conclusions  is  unconvincing.  It 
contains  at  least  three  kinds  of  flaws,  each  of  which  alone  would 
justify  a  skeptical  view  of  the  result.  Further,  the  first  two  are 
deficiencies  of  principle,  which  operate  at  the  same  level  of 
simplification,  approximation  and  qualitative  generality  that  the 
authors  attribute  to  their  analysis.  The  most  important  question 
concerns  t^c  nature  of  the  limits  that  enforce  the  growth  ceiling 
in  the  model.  Basically,  there  are  two:  arable  land  and  the  sup- 
ply of  exhaustible  minerals.  The  first  operates  primarily  on 
population,  the  second  on  industrial  production.  In  order  to 
demonstrate  the  ineluctability  of  the  limits,  and  unimportance 
of  the  precise  magnitudes  assigned  to  them,  the  authors  show 
that  doubling  the  productivity  of  agricultural  land,  or  doubling 
the  reserves  of  natural  resources,  leads  to  no  qualitative  change 
in  the  behavior  of  the  system,  and  only  a  relatively  brief  post- 
ponement of  the  moment  of  catastrophe.  Pollution  operates  as  a 
limit  too,  but  somewhat  more  indirectly,  through  its  effect  on 
length  of  life  and  thus  on  population.  Making  pollution  control 
more  effective  is  seen  as  possible  only  with  sharply  increasing 
costs;  thus  an  economic  limit  is  built  into  the  model  in  respect 
to  pollution  control  that  functions  in  the  same  way  as  the  physical 
limits  on  agricultural  land  and  mineral  resources.  The  various 
alternative  assumptions  the  authors  work  into  the  model  always 
rely  on  one  or  more  of  these  limits  to  bring  about  the  character- 
istic crisis  of  the  system.  Even  the  variant  of  the  model  described 
as  "utilizing  a  technological  policy  in  every  sector  of  the  world 
model  to  circumvent  in  some  way  the  various  limits  to  growth 
(p.  141)  in  fact  incorporates  all  three  limits— though  they  oper 
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ate  in  a  more  distant  future  than  in  other  variants,  and  the  onset 
of  catastrophic  decline  in  population  occurs  only  at  the  end  of 
the  twenty-first  century.' 

The  notion  that  such  limits  must  exist  gains  plausibility  from 
the  use  of  physical  terms  to  indicate  the  relevant  quantities — 
acres  of  arable  land,  tons  of  chrome  ore  reserves — implicitly  in- 
voking the  physical  finiteness  of  the  earth  as  the  ultimate  bound. 
But  this  is  fundamentally  misleading.  Resources  are  properly 
measured  in  economic,  not  physical,  terms.  New  land  can  be 
created  by  new  investment,  as  when  arid  lands  are  irrigated, 
swamps  drained,  forests  cleared.  Similarly,  new  mineral  re- 
sources can  be  created  by  investment  in  exploration  and  dis- 
covery. These  processes  of  adding  to  the  supplies  of  "fixed"  re- 
sources have  been  going  on  steadily  throughout  human  history. 
Indeed,  the  authors  themselves  in  effect  recognize  this  when  they 
describe  the  pollution  limit  not  in  physical  terms,  but  in  terms  of 
the  increasing  costs  of  achieving  higher  and  higher  degrees  of 
pollution  control. 

However,  once  the  problem  is  recognized  as  one  of  cost  limits, 
not  physical  limits,  it  appears  in  a  different  light.  The  force  of 
rising  costs  as  mines^go  deeper  or  exploit  thinner  veins,  or  as 
drier  and  more  distant  lands  need  more  water  brought  from 
farther  sources  and  tj^e  like,  meets  the  force  of  advancing  tech- 
nology, which  brings  down  the  costs  of  using  existing  resources 
and  literally  creates  new  resources  by  bringing  within  the  bounds 
of  cost  feasibility  materials  or  methods  which  formerly  lay  out- 
side it.  Thus,  for  example,  the  Hall  process  for  reducing  alu- 
minum oxide  by  bringing  the  costs  of  the  metal  down  to  a  level 
that  made  it  an  industrially  usable  material  rather  than  a 
jeweller's  curiosity,  literally  added  hundreds  of  millions  of  tons 
to  our  reserves  of  metal  ores.  New  ways  of  locating  oil  pools  and 
new  ways  of  exploiting  them  have  combined  to  keep  oil  reserves 
— measured  in  terms  of  annual  consumption — about  constant  over 
the  past  generation,  though  the  actual  rate  of  consumption  has 
been  growing  exponentially.  In  general,  the  relative  prices  of 
mineral  raw  materials  and  agricultural  products  have  not  been 
rising,  and  the  share  of  minerals  (even  allowing  for  imports) 
and-agricultural  output  in  total  production  have  been  falling 
fairly  steadily  over  a  long  period  in  the  United  States.  This  is 

8  The  plot  of  this  model  (fig.  42,  p.  140)  shows  an  inexplicable  and  incredible  rise  in 
food  consumption  per  capita,  although  its  timing  does  not  suggest  that  the  population  hai 
overeaten  to  the  point  of  extinction. 


189 


also  true  in  other  developed  countries  for  which  we  have  good 
evidence.  While  comparably  good  quantitative  evidence  for  the 
whole  world  is  not  available,  and  such  evidence  as  there  is  has 
not  been  assembled  and  analyzed,  the  best  guess  is  that  for  the 
world  as  a  w^hole,  the  share  of  extractive  industries  in  output  has 
been  falling  over  the  long  period.* 

In  sum,  the  advance  of  technology,  like  the  growth  of  popula- 
tion and  industry,  has  also  been  proceeding  exponentially.  In 
the  United  States — again  the  society  for  which  the  best  data  are 
available  over  a  long  period  of  time — the  average  annual  rate 
of  technological  grov/th  over  the  last  half-century  for  the  private 
economy  as  a  whole  has  been  in  the  neighborhood  of  two  percent. 
Broadly  speaking,  this  means  that  a  representative  bundle  of 
inputs — labor,  capital,  raw  materials,  land — of  constant  value  (in 
constant  prices)  will  each  year  yield  two  percent  more  output 
than  the  year  before.  As  "Limits"  points  out  in  urging  the  force 
of  exponential  growth,  a  tv/o  percent  annual  growth  rate  cor- 
responds to  a  35-year  doubling  time.  Thus,  technical  progress 
over  the  life  of  a  generation  has  made  it  possible  for  our  children 
to  get  twice  as  much  output  from  the  same  bundle  of  inputs  as 
their  parents.  There  is  even  some  evidence  that  the  rate  of  tech- 
nological advance  in  the  United  States  has  speeded  up  in  recent 
years,  but  it  is  not  conclusive.  Other  industrial  countries  also 
show  exponential  growth  in  technology;  some,  such  as  Germany 
and  Japan  in  recent  years,  at  higher  rates  than  the  United  States 
but  the  data  pertaining  to  them  cover  only  a  short  recent  period. 

Once  an  exponentially  improving  technology  is  admitted  into 
the  model,  along  with  exponentially  growing  population  and 
production,  the  nature  of  its  outcomes  changes  sharply.  The 
inevitability  of  crisis  when  a  limit  is  reached  disappears,  since  the 
"limits"  themselves  are  no  longer  fixed,  but  grow  exponentially 
too.  The  qualitative  character  of  the  results  then  depends  on  the 
fine  details  of  the  model,  and,  in  particular,  on  the  differences 
between  the  growth  rates  of  the  most  important  variables.  Catas- 
trophes need  no  longer  be  the  rule,  and  more  stable  outcomes,  in 

*  At  this  point,  the  reader  probably  feels  uneasily  that  there  must  be  sorce  flaw  in  the 
argument.  Surely  the  earth  is  finite,  and  even  the  wonders  of  technology  must  have  some 
limit.  The  earth  is  finite,  to  be  sure,  and  without  broaching  the  larger  question  of  whether 
the  universe  is  or  is  not,  it  can  be  shown  that  the  finiteness  of  the  earth  does  not  in  itself 
set  limits  to  what  technology  might  accomplish  that  are  relevant  to  the  time  horizon! 
of  the  kind  of  argument  with  which  we  are  concerned.  I  owe  to  Professor  Robert  Socolow 
of  Princeton  University  a  calculation  that  shows  that  in  terms  of  physical  limits  alone,  i.e. 
available  matter  and  energy,  the  earth  could  support  a  population  at  least  1,000  times  the 
present  one  at  the  current  U.S.  per  capita  income  l-vel. 
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particular  continuing  growth  at  low  rates,  now  become  possible. 

The  second  major  flaw  in  the  authors'  analysis  lies  in  the  total 
absence  of  adjustment  mechanisms  of  any  kind  in  the  model. 
Certain  behavioral  relations  among  the  major  variables  are  laid 
down,  the  magnitudes  of  their  parameters  determined  by  average 
behavior  over  the  past,  and  then  the  relations  projected  unchang- 
ingly into  the  future.  That  is  not  how  real  social  mechanisms 
work.  Especially  in  the  workings  of  the  economy,  adjustment 
mechanisms  play  a  crucial  role.  The  most  important  of  these  is 
price:  as  a  resource  becomes  scarce,  the  consequent  rise  in  price 
leads  to  savings  in  use,  to  efforts  to  increase  supply,  and  to 
technical  innovation  to  offset  the  scarcity.  All  economists  know 
that  these  adjustment  mechanisms  are  far  from  perfect  and 
smoothly  functioning.  Yet  they  are  and  have  historically  been 
sufficiently  powerful  to  mediate  very  large  shifts  in  use  of  re- 
sources location,  of  population  and  patterns  of  consumption. 
Prices  play  no  significant  role  in  the  basic  logical  structure  that 
supports  the  argument  of  "Limits,"  although  it  is  precisely  their 
function  to  make  smooth  transitions  possible  as  scarcities  and 
demands  change.  Their  absence  is  not  unrelated  to  the  character- 
istically unstable  responses  the  model  system  of  "Limits"  dis- 
plays. Only  the  effort  of  constructing  another  and  much  more 
complex  model  could  show  in  detail  what  kind  of  stabilizing 
influence  the  incorporation  of  price  changes  and  responses  to 
them  would  exert.  It  is,  however,  well  known  that  dynamic 
models  structurally  similar  to  those  employed  in  "Limits,"  that 
characteristically  display  various  forms  of  unstable  behavior  in 
the  absence  of  prices  as  variables,  are  stabilized  by  the  incorpo- 
ration of  prices  and  normal  responses  to  price  changes. 

The  third  defect  of  the  analysis  is  of  a  quite  different  order, 
one  of  detail  rather  than  of  principle.  It  is  simply  the  failure  of  the 
authors  to  use  available  knowledge  fully,  effectively,  or  in  some 
cases,  at  all.  No  one  detail  is  of  great  importance,  but  together, 
they  weaken  seriously  the  claim  of  the  work  to  respect.  The  most 
important  single  example  is  the  authors'  treatment  of  the  deter- 
minants of  population  growth.  Nowhere  in  their  discussion  do 
they  acknowledge  the  great  fact  of  demographic  history  in  the 
Western  world :  the  adjustment  of  birth  rates  to  death  rates.  Our 
understanding  of  this  "demographic  transition"  Is  far  from  com- 
plete; even  if  the  underdeveloped  countries  repeated  the  same 
pattern  over  the  same  (relative)  time  period,  they  and  the  world 
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would  not  be  free  of  appropriate  concern  over  the  magnitude  of 
population  growth.  But  what  should  we  think  of  a  model  of  a 
process  in  which  population  growth  plays  a  crucial  role  that 
simply  ignores  this  central,  elementary  and  familiar  fact?  Or  to 
take  another  example  of  much  less  significance  to  the  central 
argument,  the  discussion  of  equality  and  economic  growth  (p. 
42-44)  closes  with  an  italicized  warning  that  "the  process  of 
economic  growth,  as  it  is  occurring  today,  is  inexorably  widen- 
ing the  absolute  gap  between  the  rich  and  the  poor  nations  of 
the  world."  The  "absolute  gap,"  i.e.  the  difference  in  dollars 
between  average  per  capita  income  in  the  United  States  and,  say, 
Peru,  is  growing  and,  given  their  present  levels,  will  probably 
continue  to  do  so  for  a  very  long  time.  But  is  that  interesting  or 
important?  The  relative  gap  between  average  income  in  many 
of  the  poorer  countries  and  the  industrial  West  is  narrowing,  and 
that  is  what  is  relevant  to  the  question  of  equality.  Economic  his- 
tory shows  that,  after  the  early  stages  of  urbanization  and  the 
development  of  commerce,  economic  growth  has  tended  to 
greater  equality  of  incomes,  both  within  nations  and  between 
them.  A  complete  syllabus  of  errors  would  be  tediously  long; 
perhaps  the  length  of  the  list  is  the  natural  result  of  the  process 
of  reinventing  economics,  demography  and  much  else  as  System 
Dynafnics.    * 

So  much  for  the  analysis.  Can  the  major  conclusion  stand  alone 
on  its  intuitive  (or  counter-intuitive?)  merits  without  the  ana- 
lytic underpinnings?  Is  there  merit  in  the  proposition  that  we 
must  seek  now  to  move  as  rapidly  as  possible  to  the  state  of 
"global  equilibrium"  defined  by  stability  of  both  population  and 
capital,  and  that  failure  to  do  so  invites  catastrophe?  After  all, 
this  proposition  is  now  frequently  advanced  on  the  basis  of  much 
simpler  arguments  than  those  we  have  examined.  Briefly,  and 
simply,  the  answer  is  "No."  There  are  no  credible  reasons  for 
believing  that  the  world  as  a  whole  cannot  maintain  a  fairly  high 
rate  of  economic  growth  (though  not  necessarily  the  present 
one)  over  a  long  period  of  time  into  the  future.  Further,  if  it 
becomes  necessary,  for  whatever  reason,  to  slow  down  the  growth 
rate,  a  relatively  smooth  transition  from  higher  to  lower  rates 
will  be  perfectly  possible,  and  not  achievable  only  through  the 
mechanism  of  catastrophe.  Moreover,  whatever  is  done  to  slow 
down  the  rate  of  population  growth,  population  will  continue 
to  grow,  especially  in  the  poorer  countries,  for  a  long  time.  Only 


192 


an  increased  rate  of  economic  growth  in  those  countries  will  make 
it  at  all  possible  for  them  to  deal  with  their  unavoidable  popula- 
tion increases  without  catastrophe.  The  large  poor  countries  con- 
tain in  aggregate  a  substantial  share  of  the  world's  people,  and 
thus  increased  growth  for  them  will  have  some  reflection  in 
world  totals.  Further,  it  is  difficult  or  even  impossible  to  con- 
ceive of  continued  substantial  economic  growth  in  the  poor  coun- 
tries in  general  taking  place  in  a  context  of  economic  stagnation 
in  the  industrialized  world.  Thus,  seen  both  in  terms  of  need 
and  of  feasibility,  the  prospect  for  the  foreseeable  future  is  con- 
tinued long-term  economic  growth,  perhaps  at  rates  lower  than 
those  currently  observed,  and  with  quite  a  different  distribution 
of  rates  as  among  countries. 

In  the  legend,  there  were  in  the  end,  real  wolves.  In  the 
world  today,  there  are  real  and  difficult  problems  attendant  on 
economic  growth  as  we  now  experience  it.  The  social-economic 
system  is  not  self -correcting  or  self-managing;  sustained,  self- 
conscious  efforts  are  necessary  to  deal  with  the  problems,  and 
they  often  must  be  maintained  against  strong  resistance.  Two  of 
the  authors'  three  central  concerns,  population  growth  and  pol- 
lution, do  indeed  present  genuinely  urgent  and  difficult  prob- 
lems. A  third  equally  important  and  diffi.cult  one,  mentioned  in 
"Limits,"  but  only  in  passing,  is  the  assessment  of  the  indirect 
consequences  of  technical  change,  the  unanticipated  "side  effects" 
that  can  sometimes  outweigh  the  benefits.  Present  social  mecha- 
nisms are  not  adequate  for  coping  with  any  of  the  three,  and  the 
kinds  of  changes  required  to  do  so  more  effectively  meet  strong 
opposition  at  every  level,  from  that  of  the  individual  family  to 
organized  interest  groups  and  governments.  From  one  point  of 
view,  all  three  problems  can  be  seen  as  examples  of  "external 
effects,"  where  costs  and  benefits  of  particular  actions  are  not 
borne  by  the  primary  actors  and  thus  fall  outside  the  reach  of 
the  price  system  as  it  usually  functions  and  the  control  of  the 
incentives  and  adjustment  mechanisms  it  provides. 

In  each  case,  the  problem  is  to  find  a  set  of  supplementary 
adjustment  mechanisms  and  incentive  systems  which  can  guide 
the  relevant  actors  to  socially  more  desirable  choices,  a  proposi- 
tion easy  to  state  in  the  abstract  and  difficult  to  realize  in  the 
concrete.  In  many  situations  we  lack  knowledge  of  the  likely 
consequences  of  specific  actions;  in  many,  those  who  benefit  from 
present  arrangements  or  think  they  do  resist  change,  while  those 
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who  might  benefit  from  change  may  lack  both  knowledge  and 
power.  In  many  situations  we  lack  reliable  indicators  of  what 
is  desirable  in  an  overall  sense,  and  the  machinery  for  resolving 
conflicting  judgments  is  inadequate.  Determined  effort  to  deal 
with  these  problems  is  important.  Failure  to  pay  proper  atten- 
tion to  them  might  well  result  in  serious  troubles,  though  they 
are  unlikely  to  be  of  a  kind  which  can  properly  be  termed  catas- 
trophic. And,  though  there  is  widespread  discussion  of  many  of 
these  problems  and  considerable  social  effort  at  dealing  with 
some  of  them,  it  can  be  plausibly  asserted  that  it  falls  far  short 
of  what  is  required. 

Finally,  therefore,  how  much  does  "crying  Wolf"  help  to  direct 
social  energies  toward  improving  our  responses  to  these  prob- 
lems? In  principle,  it  is  not  only  useful,  but  indispensable.  The 
social  mechanism  is  made  up  of  human  beings  moved  by  passion 
far  more  than  by  reason.  The  mobilization  of  feeling  that  is  the 
necessary  prelude  to  all  but  the  most  routine  social  action  re- 
quires some  stimulus  stronger  than  a  sound  argument.  But  to  be 
effective,  the  cry  must  be  well  directed :  the  wolves  must  be  im- 
minent and  they  must  indeed  be  wolves.  On  this  score  we  can 
give  only^a  moderate  grade  to  "Limits,"  or  more  properly,  to 
its  sponsors  in  The  Club  of  Rome.  The  problems  they  call  us  to 
attend  are  real  and  pressing.  But  none  are  of  the  degree  of 
immediacy  that  can  rightly  command  the  urgency  they  feel. 
Indeed,  at  least  two  problems  of  worldwide  consequence  outside 
the  scope  of  this  work  seem  to  be  more  urgent  than  any  it  deals 
with:  the  creation  of  an  international  order  stable  enough  to 
remove  the  threat  of  nuclear  war,  and  the  diminution  of  the 
staggering  inequalities  in  the  international  distribution  of  wealth. 
A  good  sentry  does  not  cry  up  tomorrow's  wolves  and  ignore 
today's  tigers. 
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Growth  and  Its  Enemies 


Rudolf  Klein 


Commentary 
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^NE  of  the  characteristics  of  the 
human  race,  a  look  at  current 
bookstore  displays  would  suggest,  is  that  it  is  the 
only  species  of  animal  which  worries  obsessively 
about  its  own  future.  What  religious  propliecy 
was  to  the  past,  social  prophecy  has  become  to 
the  present:  predicting  the  future  of  man  in  this 
life  as  distinct  from  the  next— a  sort  of  communal 
fortune-telling.  Any  roll  call  of  contemporary 
exponents  of  the  art  would  include  Herman 
Kaim,  Herbert  Marcuse,  John  Kenneth  Gal- 
braith,  Marshall  McLulian,  among  others.  Mostly, 
there  is  a  thin  dividing  line  between  prediction 
and  prescription,  propliecy  and  propaganda;  be- 
tween tliose  who  purport  to  be  neutrally  observ- 
ing events  and  those  committed  to  preaching 
what  ought  to  be  happening. 

Although  prediction  appears  to  be  a  growth 
share  on  the  cultural  stock  exchange,  interest  in 
the  future  is  obviously  not  a  new  phenomenon. 
Leaving  religious  prophecy  aside,  even  the  secu- 
lar variety  can  be  traced  back  for  some  centuries. 
What  appears  to  be  new  is  the  intellectual  in- 
dustrialization of  social  prophecy  which,  like  some 
other  forms  of  research,  is  rapidly  entering  the 
mass-production  stage.  On  the  one  hand,  there 
are  the  academics  in  search  of  as  yet  unclaimed 
territories  to  stake  out.  On  the  other,  there  are 
the  mass  media,  hungry  for  new  ideas  to  transmit 
before  they  are  worn  out  by  overexposure.  So 
futurology  becomes  a  new  academic  discipline, 
with  its  own  institutions,  and  its  own  products 
displayed  in  the  windows  of  the  press  and  tele- 
vision. 

It  is  as  the  latest  model  off  this  assembly  line 
that  The  Limits  to  Growth:  A  Report  jar  the 
Club  of  Rome's  Project  on  the  Predicament  of 
Mankind*  is  of  some  significance.  By  now  its 
recommendations  are  familiar.  To  avoid  a  "glo- 
bal crisis"  within  the  next  hundred  years  or  so, 
both  the  world  population  and  the  world  econ- 
omy must  be  stabilized  within  the  next  few 
decades.  If  control  by  eventual  catastrophe  is  to 
be    avoided,    a    "global    equilibrium"    must    be 
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achieved,  with  the  world  population  fixed  at 
roughly  its  present  size  and  the  average  income 
per  head  at  about  $1,800  a  year— half  the  present 
U.S.  income  and  roughly  equal  to  tiie  current 
European  income.  Otherwise  an  overpopulated 
world,  corrupting  its  environment  and  exhaust- 
ing its  resources,  faces  an  inevitable  cataclysm. 

Dramatic  though  these  recommendations  are, 
paradoxically  they  are  the  least  interesting  aspect 
of  this  study.  It  is  as  a  variation  peculiar  to  our 
own  times  and  culture  on  what  is  a  long  tradition 
of  social  prophecy  that  The  Limits  to  Growth 
deserves  looking  at:  less  for  what  it  tells  us  about 
the  future  than  for  what  it  shows  us  about  the 
present. 

To  start  with.  The  Limits  to  Growth  is  itself 
an  example  of  the  intellectual  industrialization 
of  social  prophecy.  Commissioned  by  the  Club  of 
Rome— an  international  consortium  of  intellec- 
tuals concerned  to  "foster  understanding  of  the 
varied  but  independent  components  .  .  .  that 
make  up  the  global  system"— the  study  was 
financed  by  the  Volkswagen  Foundation  and  car- 
ried out  by  an  MIT  team  under  the  direction 
of  Dr.  Dennis  L.  Meadows.  It  involved  systems 
analysis— that  is  constructing  a  highly  simplified 
model  of  the  "real"  world  and  expressing  in  a 
series  of  mathematical  equations  the  relationship 
among  the  factors  selected.  The  study  also,  inevit- 
ably, used  a  computer.  So  the  book  is  the  product 
of  a  process  which  shares  many  of  the  character- 
istics of  the  industrial  system:  in  particular,  the 
specialization  of  labor  and  the  use  of  mechanical 
tools. 

So  much  for  what  is  new  about  the  technology 
of  this  particular  study.  But  it  ought  to  be  seen 
also  in  the  context  of  the  Western  prophetic  tra- 
dition—with which  it  has  more  in  common  than 
its  manner  of  production  might  suggest.  This  tra- 
dition has  two  main  themes  which  come  together 
in  a  somewhat  unexpected  way  in  The  Limits  to 
Growth.  There  is  the  theme  of  apocalyptic  catas- 
trophe: the  threat  of  doom  to  come.  And  there 
is  the  theme  of  millennial  hope:  the  promise  of 
eventual  human  perfectibility. 


*  Donnella  H.  Meadows.  Dennis  L.  Meadows,  Jorgen 
Randcrs.  William  W.  Behrens  III.  Universe  Books,  205  pp., 
.^6 ..lO  clothbound    (S2.75  paper)  . 
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The  theme  of  apocalyptic  catastrophe  runs 
through  the  history  of  Western  Europe  in  the 
Middle  Ages  and  beyond.  There  were  regular 
prophecies  of  approaching  devastation  by  wind 
and  storm,  drought  and  famine,  pestilence  and 
earthquake;  often,  indeed,  a  precise  date  was 
given  for  the  impending  catastrophe  and  when 
the  Antichrist,  the  Red  Dragon  with  Seven  Heads 
and  Ten  Horns,  or  the  Tyrant  of  the  Last  Days 
would  appear.  Equally  regularly  sects  and  move- 
ments would  arise  of  the  select  who  knew  both 
how  to  avoid  the  doom  and  how  to  achieve  the 
millennium:  the  13th-century  Pastoureaux  who 
impartially  killed  Jews  and  clergy,  the  14th- 
century  flagellants,  and  over  several  centuries, 
various  varieties  of  the  Free  Spirits.  The  doctrine 
of  this  last  sect,  a  sort  of  mystical  anarchism,  has 
some  curiously  modem  overtones:  "When  a  man 
has  truly  reached  the  great  and  high  knowledge, 
he  is  no  longer  bound  to  observe  any  law  or  any 
command,  for  he  has  become  one  with  God.  .  .  . 
He  shall  take  from  all  creatures  as  much  as 
nature  desires  and  craves  and  shall  have  no 
scruples  of  conscience  about  it,  for  all  created 
things  are  his  property."  The  property  included 
women:  one  of  the  signs  of  being  a  member  of 
the  elect  was  the  ability  to  indulge  in  promiscuity 
without  qualms  of  conscience. 

The  historian  of  this  dark,  prophetic  tradition, 
Norman  Cohn,  in  The  Pursuit  of  the  Millennium, 
also  described  the  social  conditiTJrts  which  bred 
the  various  movements.  It  was  not  the  often  starv- 
ing but  secure  peasants  who  provided  the  raw 
material  for  the  prophetic  movements.  It  was  the 
townspeople  of  the  prosperous  belts  of  Western 
Europe  where,  even  in  the  Middle  Ages,  some  of 
the  features  usually  associated  with  modern  indus- 
trial society  were  found:  great  inequalities  of 
wealth,  unemployment,  and  insecurity. 

The  other  tradition  of  prophecy  is  more  recent, 
the  product  of  the  last  three  or  four  centuries 
of  scientific  and  economic  development.  It  is  bas- 
ically optimistic,  relying  for  its  appeal  not  on 
fear  but  on  hope.  Man's  history  is  a  progression 
from  ignorance  to  knowledge,  from  being  the  vic- 
tim of  his  environment  to  being  its  master. 
Clearly  this  tradition  casts  the  intellectual  or  sci- 
entist in  a  central  role— since  it  is  his  knowledge 
which  gives  mankind  its  tools  and  his  skills  which 
allow  it  to  steer  an  untroubled  course  into  the 
already  mapped  waters  of  the  future. 

It  is  in  this  optimistic  intellectual  climate  that 
futurology  has  flourished.  It  is  difficult  to  draw 
a  clear  distinction  between  utopianism  (an  ideal 
future  world)  and  futurology  (a  probable  future 
world) .  Given  sufficient  optimism— and  there  was 
an  abundance  of  it  in  the  18th  and  19th  cen- 
turies—the ideal  easily  shades  off  into  the  prob- 
able. Thus  in  1770  S^bastien  Mercier,  in  his  L'an 
2440,  anticipated  many  20thcentury  works  of 
futurology  by  predicting  a  world  in  which  man 
would  only  work   for  a   few   hours   a  day,   and 


(more  acutely)  in  which  the  study  of  classical  lan- 
guages would  disappear  and  that  of  history  be 
neglected,  since  it  records  "the  disgrace  of  human- 
ity, every  page  being  crowded  with  crimes  and 
follies."  But  although  there  was  great  faith  in 
civic  and  intellectual  progress,  the  emphasis  on 
material  progress— economic  growth— was  not  to 
come  before  the  second  half  of  the  19th  century; 
only  then  did  the  possibility  of  rubbing  the  magic 
lamp  of  technology  to  produce  unlimited  pros- 
perity become  one  of  the  main  props  of  social 
prophecy.  This  theme  survived  even  the  world 
Depression  of  the  20's  and  30's.  In  1930  John 
Maynard  Keynes,  in  his  essay,  "Economic  Possi- 
bilities for  our  Grandchildren,"  celebrated  the 
approaching  solution  of  the  "economic  problem" 
and  announced  the  impending  arrival  of  the 
problems  of  technological  unemployment  and 
leisure. 

THo  LOOK  at  the  prophetic  tradition  his- 
-*■  torically  is  to  realize  that  futurology 
may  be  revealing  chiefly  of  the  social  and  cul- 
tural assumptions  of  its  authors:  that  one  of  the 
best  guides  to  the  preoccupations  of  any  genera-^ 
tion  or  any  society  may  be  its  fears  and  hopes 
about  the  future.  Indeed,  just  to  glance  at  some 
recent  products  is  to  realize  how  quickly  intel- 
lectual fashions  now  oscillate:  man's  future  (if 
one  is  to  believe  the  professional  social  prophets) 
is  changing  almost  on  a  year-to-year  basis.  Dennis 
Gabor,  in  his  unassuming  but  shrewd  Inventing 
the  Future,  published  in  1963,  concentrated 
largely  on  following  the  trail  laid  by  Keynes.  He 
explored  some  of  the  social  implications  of  tech- 
nology and  automation.  In  1967  Herman  Kahn 
and  Anthony  J.  Wiener  in  their  The  Year  2000* 
—modestly  subtitled  a  "Framework  for  Specula- 
tion on  the  Next  Thirty-Three  Years"— dealt  with 
politico-social  developments  but  also  put  much 
emphasis  on  the  nuclear  balance  and  its  conse- 
quences for  the  world  military  situation.  Both 
books  discussed  population  increases.  Neither 
book  as  much  as  mentioned,  let  alone  discussed, 
pollution,  and  only  Gabor  referred  to  the  drain 
on  the  world's  natural  resources  of  raw  mate- 
rials, and  that  very  briefly. 

Now,  five  years  later,  it  appears  that  the 
world's  long-term  future  has  suddenly  changed. 
We  no  longer  live  under  the  shadow  of  nuclear 
war.  We  no  longer  live  under  the  threat  of 
enforced  idleness  brought  about  by  automation. 
We  are  no  longer  faced  by  the  danger  of  domina- 
tion by  an  all-knowing  because  all-computerized 
bureaucracy  or  by  a  military-industrial  power 
elite  (to  quote  some  other  prophetic  visions  of 
the   recent   past).  'Instead   we   are   told    that  we 


•  The  Kahn  and  Wiener  book,  along  with  Toward  the 
Year  2000.  a  report  of  the  American  Academy  of  Arts  and 
Sciences'  Commission  on  the  Year  i:000,  is  discussed  in  "The 
Year  2000  and  All  That,"  by  Robert  A.  Nisbet,  Commen- 
tary, June  1968— Ed. 


196 


are  living  in  the  shadow  of  an  overpopulated, 
overexploited,  overproducing,  and  overconsum- 
ing  world.  Tell  me  who  your  futurologist  is,  one 
is  tempted  to  conclude,  and  I  will  tell  you  what 
your  future  is. 

Is  this  too  facile  or  cynical^i  view?  Futurology 
is,  after  all,  one  of  the  social  sciences  now.  It 
is  practiced  by  reputable  academics.  It  uses  all 
the  paraphernalia  of  science,  mathematical  mod- 
els, and  computers.  This  is  neither  the  nightmare 
world  of  the  medieval  prophets  of  doom  nor  the 
inspired  guesswork  of  dilettante  essayists.  To 
try  to  dismiss  The  Limits  to  Growth  as  an  exam- 
ple of  cultural  fashion  may  therefore  be  a  sign  of 
an  unwillingness  to  face  up  to  the  "predicament 
of  mankind"  (to  quote  the  portentous  title  of 
the  Club  of  Rome's  project),  evidence  of  moral 
cowardice  hiding  behind  a  parade  of  historical 
knowledge. 

Hence  the  importance  of  looking  at  the  meth- 
ods used  in  The  Limits  to  Growth.  For  what 
makes  it  distinctive,  after  all,  is  its  claim  to  have 
found  some  sort  of  scientific  basis  for  its  social 
prophecies.  If  its  recommendations  had  been  put 
forward  by  an  old  gentleman  with  a  white  beard 
parading  up  and  down  Times  Square  carrying 
tablets  of  stone,  no  one  would  have  paid  any 
attention.  It  is  because  this  study  typifies  what  is 
very  much  the  approach  of  the  70's— and  is  by  no 
means  the  worst  example  of  methods  being 
applied  wholesale  to  predict  the  future  of  indus- 
tries, cities,  and  the  world— that  it  is  worth  analyz- 
ing in  detail  the  way  in  which  it  reaches  its  con- 
clusions. 

This  emphasis  on  the  how  of  futurology  may 
seem  like  unnecessary  pedantry.  However,  it  is  no 
more  pedantic  than  asking  how  Roman  soothsay- 
ers arrived  at  their  prophecies.  To  discover  that 
they  consulted  the  entrails  of  a  slaughtered  ox 
is  to  put  the  value  of  their  prophecies  into  per- 
spective. The  fact  that  modern  social  scientists 
tend  to  consult  the  entrails  of  computers  hardly 
changes  the  principle  of  the  situation.  This  is 
all  the  more  so  since  the  attraction  of  The  Limits 
to  Growth,  the  reason  it  has  provoked  so 
much  discussion,  lies  in  its  claim  to  be  able  to  put 
figures  to  its  prophecies— much  as  in  the  Middle 
Ages  prophecy  tried  to  reinforce  its  credibility 
by  naming  a  specific  year  for  the  coming  of  the 
Antichrist,  or  the  end  of  the  world.  It  is  this 
which  largely  distinguishes  it  from  most  previous 
exercises  of  the  same  kind. 

For  although  recent  exercises  in  prediction 
have  tended,  like  Kahn's  and  Gabor's,  to  prophesy 
rather  different  futures,  all  the  specific  themes  of 
The  Limits  to  Growth  have  predecessors.  The 
emphasis  on  the  need  to  prevent  population 
growth  goes  back  at  least  to  Malthus,  in  1803.  The 
emphasis  on  the  dangers  of  unlimited  economic 
growth  was  contemporaneous  with  the  first  signs 
that  mankind  could  even  contemplate  emancipa- 
tion from  subsistence  living:  "He  who  has  enough 


to  satisfy  his  wants,"  wrote  a  medieval  scholar  of 
the  14th  century,  "and  nevertheless  ceaselessly 
labors  to  acquire  riches  ...  all  such  are  incited 
by  damnable  avarice,  sensuality,  or  pride."  More 
recently,  this  theme  has  been  taken  up  by  Gal- 
braith  and  E.  J.  Mishan,  among  others.  Finally, 
warnings  about  the  threat  to  the  world's  resources 
also  have  a  long  ancestry.  Interest  in  ecology  is 
not  an  invention  of  the  70's:  in  1949,  Fairfield 
Osborn  wrote  his  Our  Plundered  Planet,  calling 
for  a  "complete  revolution  in  man's  point  of  view 
toward  the  earth's  resources  and  toward  the  meth- 
ods he  employs  in  drawing  upon  them,"  as  well 
as  prophesying  disaster  if  the  exploitation  of ' 
nature  continued  unchecked.  So,  all  in  all,  no 
sort  of  originality  can  be  claimed  for  any  of  the 
predictions  in  The  Limits  to  Growth,  but  only 
for  its  manner  of  making  them. 

How,  in  fact,  are  these  predictions  made?  The 
MIT  team  which  produced  the  study  devised  a 
"world  model  ...  to  investigate  five  major  trends 
of  global  concern— accelerating  industrialization, 
rapid  population  growth,  widespread  malnutri- 
tion, depletion  of  nonrenewable  resources,  and 
a  deteriorating  environment."  The  model,  they 
concede  modestly,  is  "like  every  other  model,  im- 
perfect, oversimplified,  and  unfinished."  How- 
ever, less  modestly,  they  announce  it  to  be  "the 
only  formal  model  in  existence  that  is  truly  global 
in  scope"  and  "that  has  a  time  horizon  longer 
than  thirty  years." 

I UT  no  model  is  better  than  the  as- 
sumptions on  which  it  is  based.  The 
actual  physiology  of  any  model— the  mathema- 
tical equations  expressing  the  relationships 
among  the  different  factors  being  analyzed  which 
are  then  fed  into  a  computer— is  a  matter,  for 
experts  to  discuss.  But  its  flesh-and-bone  structure 
—the  facts  and  theories  on  which  these  relation- 
ships are  based— is  comprehensible  bv  the  lay- 
man. Basically  the  whole  exercise  revolves  around 
looking  at  past  trends  and  projecting  them  into 
the  future,  on  the  assumption  that  these  trends 
and  the  interaction  among  them  will  remain 
unchanged.  Thus,  if  it  is  found  that  a  particular 
factor  has  been  growing  exponentially  or  geome- 
trically, i.e.,  doubling  itself  every  few  years  or 
decades,  it  is  assumed  that  this  will  continue. 
Population  is  a  case  in  point:  it  is  currently 
doubling  itself  every  33  years,  with  the  result  that 
the  present  world  population  of  3.6  billion  is 
expected  to  be  7  billion  by  the  year  2000. 

Trends,  however,  are  not  immutable.  Anyone 
trying  to  carry  out  the  same  sort  of  exercise  in 
population  predicting  in  1940,  on  the  basis  of 
the  trend  of  the  previous  decade,  would  have 
come  a  cropper.  Extrapolating  that  trend  would 
liave  produced  a  world  population  of  4.4  billion 
by  the  end  of  the  century.  The  same  is  true  of 
the  other  factors  in  The  Limits  to  Growth  model, 
.•^gain,  predictions   about   the  point  in   time   at 
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which  the  world's  resources  of  either  food  or  raw 
materials  will  be  exhausted,  assume  constant 
trends  on  both  the  demand  and  the  supply  side, 
a  very  bold  assumption  indeed.  Anyone  writing 
in  the  late  19th  century,  it  has  been  pointed  out, 
m'f'ht  well  have  argued  that  the  production  of 
fodder  for  transport  animals  put  a  limit  to  the 
growth  of  the  United  States  economy.  Similarly, 
extrapolating  existing  trends  is  an  entertaining 
parlor  game  which  (if  one  chooses  one's  base 
year  carefully)  can  be  designed  to  produce  almost 
any  wished-for  result.  It  would  not  be  too  diffi- 
cult to  show  that  at  the  present  rate  of  growth, 
by  the  year  2000  every  new  graduate  student  will 
be  either  an  ecologist  or  a  futurolog^st.  It  is  per- 
fectly legitimate,  of  course,  to  use  the  technique 
of  extrapolating  as  a  demonstration  of  what 
might  happen,  without  any  pretense  of  predict- 
ing what  will  happen— simply  as  an  illustration  of 
the  kind  of  changes  that  are  likely  to  be  required 
to  prevent  present-day  trends  from  causing  pos- 
sibly undesirable  or  disastrous  consequences.  And 
if  The  Limits  to  Growth  were  presented  simply 
as  an  exercise  of  this  kind,  and  no  more,  it  would 
be  difficult  to  quarrel  with  it. 

But  if  it  had  been  presented  in  this  tentative 
way,  it  would  not  have  gained  the  attention  and 
publicity  it  has  already  attracted.  As  it  is,  the  text 
veers  disconcertingly  between  warning  the  reader 
against  taking  it  too  literally  and  then  ignoring 
its  own  cautions.  Thus  at  one  point  we  read  of 
"the  inexorable  progress  of  exponential  growth." 
It  is  almost  as  though  exponential  growth  has 
suddenly  become  the  Red  Dragon  ravaging  the 
earth  in  some  ajxjcalyptic  vision.  Later  on,  we 
learn  that  the  growth  curve  of  resource  consump- 
tion "is  driven  by  both  the  positive  feedback  loops 
of  population  growth  and  of  capital  growth." 
This  time  feedback  loops  appear  to  have  taken 
on  a  life  of  their  own  like  the  Tyrant  of  the  Last 
Days.  As  in  Marx  and  other  social  prophets,  his- 
tory itself  is  on  the  march. 
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[ore  seriously.  The  Limits  to  Growth 
deals  in  aggregates:  that  is,  global 
statistics  about  population,  production,  and  so  on. 
But  global  statistics  can  be  actively  misleading.  For 
instance,  the  brute  statistics  of  the  Gross  National 
Product  (GNP)  can  conceal  as  much  as  they  reveal. 
These  statistics  tell  us  the  income-per-head  of  pop- 
ulation. But  they  tell  us  very  little  else.  They  do 
not  tell  us  how  that  income  is  distributed.  They 
can  be  actively  misleading  about  comparative  stan- 
dards of  living.  For  example,  a  country  where 
children  under  five  are  looked  after  in  nursery 
schools  would  appear  to  have  a  higher  standard 
of  living  than  a  country  where  they  are  looked 
after  at  home,  since  teachers'  salaries  are  re- 
corded in  the  GNP  statistics  but  the  efforts  of 
mothers  are  not.  Also,  global  GNP  figures  mask 
what  may  turn  out  to  be  crucial  trends  for  the 
future.  Thus,  unless  the  GNP  figures  are  broken 


down,  it  is  quite  possible  to  miss  the  trend  in 
advanced  industrial  countries  away  from  manu- 
facturing and  toward  service  industries,  a  devel- 
opment which  is  surely  crucial  for  future  pros- 
pects. Again,  The  Limits  to  Growth  ignores  the 
growth  in  the  proportion  of  the  GNP  spent  on 
health  and  education  in  the  North  American  and 
\Vestern  European  countries:  trends  which  (if 
one  were  to  use  the  same  technique  as  The  Limits 
to  Growth  does)  would  lead  to  the  conclusion  that 
soon  after  the  year  2000  the  entire  population  of- 
these  countries  would  be  either  in  the  hospital 
or  in  school. 

In  fact,  it  is  tempting  to  go  much  further  still 
in  drawing  up  an  alternative  exponential  vision. 
In  place  of  an  apocalyptic  view  of  a  globe  rav- 
aged by  famijie  and  environmental  decay,  it 
would  not  be  too  difficult  to  sketch  out  a  vision 
of  a  world  where  the  main  problem  was  to  per- 
suade people  to  work  in  factories— where  the  revolt 
against  materialism  had  gone  so  far  as  to  pro- 
duce a  pot-smoking  population  too  dozy  to 
engage  in  either  procreation  or  production.  Look- 
ing at  the  phenomenal  increase  in  conviction 
rates  for  pot-smoking  in  recent  years,  any  school- 
child— let  alone  a  computer— could  produce  the 
appropriate  statistics  to  support  the  alternative 
vision.  It  would,  of  course,  be  an  utterly  absurd 
one.  But  why  assume  that  it  is  any  more  absurd 
than  the  one  sketched  in  The  Limits  to  Growth} 
Arguably,  it  is  less  so.  For  the  MIT  team 
viewed  as  historic  and  immutable  some  trends 
which  may  already  be  changing:  indeed,  the 
whole  exercise  is  itself  part  of  this  reaction— one 
of  many  symptoms  of  the  current  interest  in 
ecology,  the  environment,  and  so  on.  If  anything, 
then,  it  would  be  more  reasonable  to  look  at 
the  beginnings  of  what  might  be  the  trends  of 
the  future  than  at  what  could  conceivably  be  the 
exhausted  trends  of  the  past.  (This  is  exactly 
what  Kahn  and  Wiener  did  in  their  futurological 
exercise.  Taking  their  cue  from  Keynes,  they  spec- 
ulated about  the  possible  evolution  of  a  society 
where  the  "puritan  ethic"  has  become  "super- 
fluous for  the  functioning  of  the  economy"  and 
as  a  result  "the  conscience-dominated  character 
type  associated  with  it  would  also  tend  to  disap- 
pear. Parents  would  no  longer  be  strongly  moti- 
vated to  inculcate  traits  such  as  diligence,  punc- 
tuality, willingness  to  i>ostpone  or  forgo  satisfac- 
tion. .  .  .") 

There  is  another  oddity  about  The  Limits  to 
Growth:  typically,  it  conveys  a  medieval  sense  of 
doom  about  the  environmental  plagues  that  are 
foreordained  to  descend  on  mankind  unless  we 
quickly  repent  and  repudiate  the  false  god  of 
economic  growth;  there  is  no  truck  with  tech- 
nological toys  like  nuclear  fusion  or  solar  energy 
which  might  rescue  mankind  from  this  cruel 
choice;  for  once  technology  is  now  the  wild  card 
in  the  pack  of  cosmological  poker. 

Yet  in  sharp  contrast  to  all  this,  the  unspoken 
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assumptions  built  into  The  Limits  to  Growth 
reflect  a  quite  astonishing  optimism:  a  belief  in 
the  perfectibility  of  man  which  belongs  to  the 
heyday  of  18th-century  optimistic  rationalism. 
Thus  its  projections  assume  that  there  will  be 
no  major  world  war— to  kill  off  -some  of  the  sur- 
plus millions— in  the  next  130  years:  in  short,  the 
book's  calculations  are  based  on  the  belief  that, 
for  the  first  time  in  centuries,  the  world  will  live 
in  peace.  More  fundamental  still,  while  rejecting 
scientific  technology  as  the  savior-to-be,  the  study 
characteristically  shows  an  infinite  and  pathetic 
faith  in  mankind's  social  technology.  It  assumes 
that,  once  its  warning  is  heeded,  mankind  will  be 
able  to  carry  out  the  social  revolution  demanded 
to  implement  its  recommendations. 

Is  there  any  reason,  though,  for  taking  these 
recommendations  any  more  seriously  than  the 
methods  used  to  support  tiiem?  If  futurology  ap- 
pears to  be  closely  related  to  astrology  or  medieval 
prophecy,  why  bother  to  discuss  its  conclusions 
at  all?  The  answer  is  that  to  ignore  the  future 
implications  of  present-day  trends  is  as  irrational 
as  to  assume  that  these  trends  will  continue  im- 
changed.  To  dismiss  the  need  for  some  sort  of 
futurology— even  if  we  repudiate  the  name  and 
the  excesses  of  some  of  its  popularizers— is  to 
assume  that  there  is  some  cosmic  self-steering 
mechanism  which  will  see  us  right  in  the  end. 
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ANY  personal  decisions  and  nearly 
all  public-policy  decisions  are  an 
attempt  to  shape  the  future,  using  some  sort  of 
crystal  ball:  whether  it  is  investing  in  savings  for 
a  comfortable  old  age  (implicit  in  which  is  a 
prediction  that  state  pensions  will  be  inadequate) 
or  investing  in  highways  (implicit  in  which  is  a 
prediction  that  the  automobile  is  here  to  stay). 
The  trouble  with  this  sort  of  instinctive  futur- 
ology or  prediction  by  liunch  is  that,  inevitably, 
it  does  not  make  its  assumptions  explicit.  And 
because  the  assumptions  are  not  clearly  spelled 
out,  they  are  usually  not  discussed  but  taken  for 
granted,  although  they  may  turn  out  to  be  unre- 
alistic or  unrealizable  hopes.  This  sort  of 
approach  can  easily  slip  into  the  Panglossian  view 
that  everything  will  eventually  turn  out  for  the 
best  in  the  best  of  all  possible  worlds.  The  kind 
of  social  prophecy  epitomized  by  The  Limits  to 
Growth  is  a  reaction  to  this  approach.  It  reacts  by 
swinging  in  the  opposite  direction,  and  by  assum- 
ing that  mankind  has  the  knowledge,  will,  and 
ability  to  engage  in  social  engineering  on  a 
global  scale.  In  doing  so,  it  oversimplifies  as  much 
as  those  who  reject  the  need  for  any  sort  of 
attempt  to  look  at  future  options. 

In  fact,  futurological  studies  are  of  value,  pro- 
vided that  they  are  seen  as  sketches  of  one 
(among  many)  possible  options.  Kahn  and  Wie- 
ner adopted  this  approach  in  their  book,  where 
they  presented  a  number  of  speculative,  alterna- 
tive futures.  This  method  allows  us  to  examine 


the  implications  of  alternative  policies  and  avoids 
the  trap  of  confusing  what  might  conceivably 
happen  with  predictions  about  what  will  happen. 
It  also  permits  us  to  acknowledge  the  complexity 
of  social  engineering— to  take  into  account  that 
policy  decisions  often  produce  unexpected  side- 
results— instead  of  forcing  everything  into  the 
mold  of  prophetic  oversimplification.  In  contrast. 
The  Limits  to  Growth  assumes  that  while  the 
side-effects  of  technological  change  can  be 
assumed  to  be  harmful  (in  terms,  for  example,  of 
increasing  pollution  or  depleting  resources  of  raw 
materials)  the  side-effects  of  social  change  can  be 
assumed  to  be  neutral  or  beneficial 

Take  the  case  of  population  policy,  where  The 
Limits  to  Growth  does  little  more  than  express 
the  consensus  of  most  Western  opinion.*  In  prac- 
tice, the  case  for  limiting  population— for  adopt- 
ing zero  population  growth  as  the  object  of  |X)1- 
icy— rests  much  more  on  value  judgments  about 
what  makes  for  a  tolerable  life-style  than  on 
pseudo-scientific  predictions.  Hence,  the  real  dif- 
ficulties faced  by  governments  in  underdeveloped 
countries  which  wish  to  bring  the  birth  rate 
down:  these  difficulties  reflect  not  .so  much  tech- 
nical problems  about  diffusing  birth-control 
methods  as  the  existence  of  social  values  which 
put  more  emphasis  on  large  families  tlian  on 
rising  living  standards. 

It  is  not  necessarily  impossible  to  change  social 
values:  for  example,  in  the  grossly  overcrowded 
island  of  Mauritius,  there  has  been  a  40  per  cent 
fall  in  fertility  in  the  last  five  years.  However, 
the  unfortunate  paradox— from  the  point  of  view 
of  the  "global  equilibrium"  thesis— is  that  it  may 
well  be  possible  to  limit  population  growth  in  the 
underdeveloped  countries  of  the  world  only  by 
inculcating  precisely  those  values  which  the  devel- 
oped countries  are  being  adjured  to  abandon; 
that  is,  by  offering  the  prospect  of  ever-growing 
material  prosperity  and  by  preaching  the  impor- 
tance of  rising  living  standards  and  showing  that 
birth  control  is  the  means  to  achieve  them. 
Arguably,  the  best  weapons  in  the  battle  against 
overpopulation  are  precisely  those  products  of 
Western  civilization— television  sets,  washing  ma- 
chines, and  cars— which  are  often  seen  by  the 
prophets  (none  of  whom  has  as  yet,  though, 
abandoned  detergents  in  favor  of  beating  his  wash- 
ing with  flat  stones  in  the  local  stream)  as  unde- 
sirable luxuries,  foisted  upon  an  innocent  pub- 
lic through  the  machinations  of  Madison  Avenue 
advertising  agents. 

But  introducing  new  ideas  about  the  possibil- 
ity of  rising  standards  of  living  is  rather  like  intro- 
ducing rabbits  into  a  new  continent.  Ideas  also 
breed,  and  once  established  may  prove  difficult  to 
eradicate.  Why  should  we  assume  that  it  is  pos- 
sible to  carry  out  two  major  social  revolutions  in 


*  See    "The     Population    Controllers," 
Crackcn  (May)— Eu. 
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the  space  of  a  few  decades,  first  to  establisfi  a 
culture  of  material  progress  and  then  to  replace 
it  with  one  of  non-growth?  Yet  this  is  the  aston- 
ishingly naive  assumption  bifried  in  the  equilib- 
rium model.  A  successful  population-control  pol- 
icy could  conceivably  have  other  undesirable  side- 
effects  as  well.  In  practice  it  means  exploiting  the 
revolution  of  rising  expectations.  But  there  can 
be  absolutely  no  assurance  that  a  population  pol- 
icy can  by  itself  satisfy  the  expectations  aroused. 
Prosperity  achieved  usually  tends  to  fall  short  of 
prosperity  hoped  for.  If  so,  it  may  well  be  that 
the  cultural  changes  required  in  a  successful  pop- 
ulation policy  will  also  increase  political  insta- 
bility in  developing  countries.  Standards  of  living 
will  rise  as  birth  rates  fall,  but  will  they  rise  fast 
enough  to  satisfy  the  new-fouttd  appetite  for 
economic  growth?  And  if  not,  will  the  often 
rather  fragile  political  structures  be  able  to  deal 
with  the  resulting  discontents?  Once  politicians 
there  begin  to  auction  off  promises  of  faster 
economic  growth— on  the  Western  model— will 
there  not  be  increased  friction,  resulting  perhaps 
in  revolutions  and  periodic  coups  d'etaO  This 
already  seems  the  pattern  in  many  developing 
countries.  It  could  well  become  accentuated. 

To  make  this  point  is  not  to  indulge  in  a  pre- 
diction that  it  is  bound  to  happen.  It  is  simply 
to  suggest  that  it  could  happen.  Again,  to  say  that 
population  equilibrium  could  result  in  political 
and  social  disequilibrium  is  no(r  to  argue  against 
adopting  population-control  policies.  It  is  to  indi- 
cate that  there  may  be  a  price  to  pay.  For  there 
is  little  point  in  constructing  a  global  model 
which  ignores  the  possibility  (it  is  no  more)  that 
achieving  an  ecological  balance  may  cause  a 
social  imbalance.  This  is  to  leave  out  of  account 
the  complexity  of  the  real  world  and,  by  doing 
so,  to  lose  what  is  surely  the  real  point  of  futur- 
ology: not  to  predict  the  future  but  to  encourage 
thought  and  thus  prepare  people  for  the  many 
possible  and  plausible  eventualities. 
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F  THERE  is  a  fairly  widespread  con- 
sensus about  the  desirability  of  lim- 
iting the  world's  population— despite  the  lack  of 
knowledge  about  all  the  potential  consequences 
—there  is  no  such  agreement  about  the  proposal 
for  seeking  to  stabilize  economic  growth  within 
the  next  two  decades.  Here  The  Limits  to 
Growth  crystallizes  what  is  very  much  a  mood 
of  the  70's  and  has  clothed  in  statistical  language 
the  emotional  vocabulary  of  the  revolt  against 
the  cult  of  economic  growth. 

This  revolt  was  entirely  predictable.  The  cir- 
cumstances which  provided  the  soil  of  the  cult— 
the  years  of  Depression  and  mass  unemployment- 
are  now  part  of  historical  folklore.  For  anyone 
under  forty  they  are  no  longer  part  of  felt  expe- 
rience. More  important  still,  perhaps,  it  has  be- 
come apparent  that  economic  growth  is  no  cure- 
all.  It  does  not  in  itself  guarantee  an  end  to  pov- 


erty. It  does  not  cure  racial  stress  and  conflict. 
Wliat  is  more,  it  has  unpleasant  side-effects:  con- 
gested streets,  blighted  city  centers,  polluted  lakes 
and  rivers.  •— -- 

Accepting  all  this,  it  is  possible  to  draw  two 
quite  different  conclusions.  The  first  is  that  the 
emphasis  on  economic  growth  was  exaggerated, 
that  too  much  was  hoped  for  from  it,  and  that, 
however  desirable,  its  benefits  must  be  seen  along- 
side its  debits  in  a  complex  socioeconomic  bal- 
■ance  sheet.  The  other  is  that  economic  growth 
is  positively  undesirable,  that  the  damage  it  in- 
flicts quite  clearly  outweighs  the  possible  advan- 
tages. 

The  sort  of  ecological  doomsday  approach 
typified  by  The  Limits  to  Growth  tends  to  sup*- 
port  the  second  view.  Just  as  growth  was  once 
seen  as  the  magic  formula,  so  now  non-growth 
replaces  it:  one  oversimplification  takes  over  from 
another  in  a  depressing  dialectic  of  slogans.  The 
emphasis  on  repudiating  worldly  goods  is,  of 
■course,  drawing  on  a  very  deep  well  of  Western 
tradition— and  the  final  irony  is  perhaps  that 
what  is  basically  a  religious  impulse  now  feels 
obliged  to  reinforce  itself  with  "scientific"  predic- 
tions from  a  computer,  the  20th-century  version 
of  the  apocalyptic  vision.  But  in  the  past  the 
choice  was  seen  as  a  personal  one.  It  was  the 
individual  who  chose  to  join  a  mendicant  order 
of  friars  or  give  a  part  of  his  income  to  the  poor. 
Now,  however,  the  choice  is  presented  as  a  com- 
munal one.  It  is  society  as  a  whole  which  is 
expected  to  take  a  pledge  of  voluntary  poverty 
(or,  more  accurately,  to  abstain  from  enriching 
itself  still  further).  And  the  sanction  is  not  the 
traditional  one  of  retribution  in  the  next  life  but 
ecological  catastrophe  in  this  one:  present  afflu- 
ence and  future  squalor,  the  contemporary  ver- 
sion of  visiting  the  sins  of  the  fathers  on  the 
sons. 

All  this  may  seem  exaggerated.  The  proposed 
"stable  state"  average  income  per  head  of  popula- 
tion—§1,800  a  year— is  well  on  the  comfort  side  of 
poverty.  But  unfortunately  the  habit  of  the  social 
prophets  of  talking  in  global  terms  conceals,  as 
usual,  some  of  the  very  real  problems  involved. 
As  The  Limits  to  Growth  coyly  puts  it:  "A  draw- 
back of  this  approach  is  of  course  that— given  the 
heterogeneity  of  world  society,  national  political 
structure,  and  levels  of  development— the  conclu- 
sions of  the  study,  although  valid  for  our  planet 
as  a  whole,  do  not  apply  in  detail  to  any  par- 
ticular country  or  region."  Yet  if  they  cannot  be 
applied  to  "any  particular  country  or  region,"  it 
is  difficult  to  see  their  usefulness,  particularly  in 
the  case  of  something  as  specific  as  the  average 
income  of  the  worlds  inhabitants.  For  how  is  the 
"average"  to  be  arrived  at?  Extrapolating  exist- 
ing trends,  the  world  average  income  would 
indeed  be  about  §1,800  by  the  year  2000  or  shortly 
before  then;  however,  this  would  range  from 
well  (jver  §6,000  per  head  in  North  America  to 
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less  tlian  one-tenth  o£  that  figure  in  Africa  and 
Asia  (which  will  contain  two-thirds  of  the  total 
population). 

In  short,  to  talk  of  aiming  at  an  economic 
equilibrium  without  iliscussing  its  political  and 
social  implications,  is  to  influlge  in  meaningless 
rhetoric.  Such  an  equilibrium  could  be  achieved 
with  only  two  alternative  sets  of  assumptions.  The 
first  is  that,  broadly  speaking,  the  global  distribu- 
tion of  income  will  remain  in  the  future  much 
what  it  is  now.  The  other  is  that  there  will  be  a 
massive  redistribution  of  income  from  the  rich 
nations  to  the  poor  nations.  It  is  difficult  to  know 
whicli  is  the  more  unrealistic. 

Leaving  all  moral  arguments  aside,  it  is  not  con- 
ceivable that  the  developing  countries  would  be 
prepared  to  bring  their  growth  rate  to  a  halt 
while  enormous  disparities  remained  between 
their  standards  of  living  and  those  of  the 
advanced  Western  nations.  ,So  the  latter  would 
either  liave  to  tolerate  continuing  growth  in  other 
countries  or  repress  it  in  much  the  same  way  as 
traditional  colonial  powers  dealt  with  native 
rebellions.  Alternatively,  the  Western  nations 
would  deliberately  have  to  cut  back  on  their  own 
standard  of  living  in  order  to  lessen  the  gap.  Just 
to  state  these  implications  is  to  suggest  that  the 
advocates  of  the  stable  state  are  engaging  in  the 
luxury  of  mental  self-flagellation,  publicly  con- 
fessing their  own  sins  in  the  sure  knowledge  that 
they  will  not  be  asked  to  travel  along  the  road  of 
repentance  themselves  (the  religious  phraseology 
comes  naturally  in  discussing  what  is  essentially 
a  neo-religious  phenomenon). 

Of  course  it  may  be  unfair  to  push  the  argu- 
ments of  the  stable-state  advocates  to  their 
extremes.  However,  even  assuming  charitably 
that  they  do  not  really  mean  all  that  they  say, 
assuming  also  that  they  are  simply  using  their 
slogans  to  dramatize  the  case  for  less  emphasis  on 
economic  growth  rather  than  for  total  abstention, 
assuming  finally  that  they  realize  that  most  of  their 
arguments  will  sound  like  a  blasphemy  to  two- 
thirds  of  the  world's  population,  it  is  worth  Ir  k- 
ing  at  some  counter-speculations.  For  after  c  , 
there  may  be  some  disbenefits  to  non-growth,  just 
as  there  are  some  disbenefits  to  giowth. 

Here,  wTiting  from  Britain  has  its  advantages. 
For  Britain  is  not  only  a  country  which  is  cur- 
rently enjoying  the  "stable  state"  standard  of 
living— that  is,  an  average  income-per-head  not 
too  far  away  from  SI, 800  a  year.  Equally  it  is  an 
example  of  a  society  which,  quite  involuntarily, 
has  for  the  past  few  years  had  a  non-growth  econ- 
omy (only  now  is  the  economy  picking  itself  up 
from  the  floor  where  it  has  been  for  so  long). 
What  is  more,  it  is  a  society  which  has  a  strong 
political  system,  a  homogeneous  social  culture, 
and  despite  the  presence  of  colored  immigrants, 
no  racial  conflicts  on  the  United  States  scale. 
Here,  if  anywhere,  there  should  be  the  model  of 
the  global-equilibrium  society. 
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» UT  if  Britain  is  indeed  to  be  taken 
as  a  model,  then  the  prospect  is 
gloomy.  The  exp>erience  of  Britain  would  sug- 
gest that  a  non-growth  society  can  produce  as 
many  and  as  unpleasant  stresses  on  the  social  and 
political  economy  as  industrial  growth  can  im- 
pose on  the  ecological  and  natural  resources  of 
the  globe.  The  stable-state  advocates  argue  that 
growth  does  not  guarantee  greater  social  equality 
or  justice.  But  the  experience  of  Britain  shows 
that  stagnation  (even  under  a  Labour  govern- 
ment ideologically  sympathetic  to  equality)  is  no 
more  helpful.  Resentment  of  continuing  inequal- 
ities is  compounded  by  resentment  of  unemploy- 
ment and  of  the  failure  of  living  standards  to 
rise.  For  poverty  is  not  just  relative.  Rising  stan- 
dards can  and  do  mean  better  food,  better  hous- 
ing, and  better  clothes  for  people.  And  at  the  cur- 
rent British  standard  of  living— the  "standard"  for 
the  future,  let  it  be  remembered— these  sorts  of 
improvements  still  matter  very  much.  Although 
Britain  probably  has  better  housing  conditions 
than  most  Western  European  countries,  13  per 
cent  of  households  still  lack  private  bathrooms 
and  12  per  cent  still  live  in  houses  or  flats  offi- 
cially classified  as  unfit  for  human  habitation. 
More  than  a  third  of  households  have  no  refrig- 
erator or  cooling  machine,  55  per  cent  have  no 
car,  65  per  cent  have  no  telephone,  and  70  per- 
cent have  no  central  heating. 

By  the  standards  of  Africa  and  .Asia  these  are 
not  symptoms  of  deprivation.  But  neither  are 
they  symptoms  of  an  over-gadgeted,  over-cosseted 
society.  More  important,  the  experience  of  the 
1964-70  Labour  government  suggests  that  if  the 
aims  of  policy  are  to  be  to  increase  equality  and 
to  spend  more  on  social  services  like  health  and 
education,  then  it  is  only  politically  possible  to 
achieve  them  at  a  time  of  economic  growth  (which 
is  not  to  suggest  that  economic  growth  in  itself 
guarantees  more  radical  social  policies;  it  may 
be  a  necessary,  but  is  certainly  not  a  sufficient, 
condition).  The  Labour  government  did  not  man- 
age to  achieve  growth,  failed  to  secure  its  other 
aims,  and  was  defeated  at  the  polls.  What  is 
more,  tliere  was  a  noticeable  crisis  of  confidence 
in  the  political  system  as  such  and  some  signs  of 
rising  social  tension,  as  shown  in  the  increased 
number  of  strikes. 

It  is,  of  course,  possible  to  argue  that  such 
social  stresses  reflect  the  pains  of  growth  and  not 
of  stagnation.  This  is  the  position  of  E.  J.  Mishan, 
for  example,  who  maintains  that  the  British  peo- 
ple were  happier  and  more  contented  in  1951 
while  still  in  the  postwar  era  of  rationing  and 
austerity.*  This,  as  he  himself  recognizes,  is  an 
imresolvable  argument  since  no  one  is  in  a  posi- 
tion to  measure  happiness  and  contentment. 
However,  there  are  some  points  which  need  stress- 
ing.  The   first    is   that    it    is    clearly    nonsense    to 


'  Commentary,  LcUers  from  Readers.  January   1972. 
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present  the  argument  as  though  it  were  a  straight 
clioice  between  growth  antl   nongrowth.   Growtli 
in  Britain,  as  everywhere  else,  has  had  many  un- 
pleasant effects:   the  destruction  of  old  buildings 
and  communities,  pollution   by   noise   and  fume, 
and,  possibly,  the  introduction  of  a  more   hectic 
and    therefore    less    satisfying    life-style    for   some 
people.  But  it  is  perfectly  logical   to  concede  all 
this  to   Mishan  and  yet   to  repudiate  his  conclu- 
sion,  since   equally   clearly   growth    has    brought 
many    advantages    to    a    great    many    people    in 
Britain.  The  real  question  is  whether  the  penalties 
of  growth   outweigh    the   advantages.    Here   it   is 
worth  stressing  that   the   majority  of  the   British 
people  have  repudiated  the  anti-growth  verdict: 
over  the  past  20  years  at  successive  general  elec- 
tions they  have  consistently  voted  for  the  party 
which,  in   their  view,   would   deliver   the   fastest 
growth  rate.  It  may  be  that  the  British  voters  are 
misguided   about  what   makes   them   happy   and 
contented;  equally,   though,  it  may  be   that   they 
are  better  placed  to  know  than  Mr.  Mishan.  The 
other  point  that  needs  stressing  is  that  the  balance 
sheet  of  advantages  and  penalties  of  growth  may 
well  work  out  differently  for  different  sections  of 
a    community.    Thus   growth    tends    to    threaten 
traditional    middle-class   values:    it   is    felt    to    be 
disruptive    and    unpleasant    precisely    because    it 
turns    minority    privileges    into    majority    ones- 
because  it  means  crowded  roads,  crowded  beaches, 
and   so  on. 

To  share  these  traditional  values-and  to  fear 
their  erosion-should  not  necessarily  mean  ac- 
cepting the  anti-growth  argument,  though.  Argu- 
ably, only  when  the  majority  of  a  population  have 
achieved  middle-class  standards  of  living  will  they 
also  accept  middle-class  standards  of  values-and 
be  prepared  to  give  priority  to,  say,  anti-pollution 
measures  over  consumer  durables.  In  the  mean- 
time, lamenting  the  consequences  of  the  populari- 
zation of  prosperity  begs  precisely  the  same  ques- 
tions on  a  domestic  scale  as  it  does  on  the  inter- 
national scale.  Do  the  anti-growth  advocates  as- 
sume that  the  existing  social  and  economic  struc- 
ture of  society  will  somehow  be  frozen-and  that 
the  present  inequalities  (which  in  Britain,  as 
elsewhere,  are  considerable)  will  become  happily 
accepted?  Or  do  they  assume  a  political  system 
which  insures  that  non-growth  does  not  become 
a  synonym  for  perpetuating  existing  inequalities 
—that  economic  stagnation  can  be  reconciled  with 
social  change? 

It  is  at  this  point  in  the  argument  that  the 
advocates  of  global  equilibrium  throw  up  their 
hands  in  horror  at  the  assumption  that  such 
minor  political  problems  as  the  distribution  of 
income  among  countries  or  within  individual 
societies  cannot  be  overcome  under  the  threat  of 
catastrophe.  Suddenly  it  appears  that  although 
the  technologists  and  scientists  cannot  solve  the 


problems-  of  increasing  food  yields,  recycling  raw 
materials,  or  stopping  pollution,  politicians  can 
square  the  circle  of  reconciling  everyone  to  the 
social  and  economic  consequences  of  global  equi- 
librium. 

nn  HIS,  of  course,  is  a  nonsense  assump- 
-1-  tion.  If  anything  it  would,  on  past 
experience,  be  much  more  plausible  to  make  the 
opposite  assumption:  that  the  social  consequences 
of  trying  to  achieve  a  global  equilibrium  would 
lead  to  conflict,  the  collapse  of  existing  political 
systems,  and,  most  likely,  war  between  societies 
competing  for  their  rations  of  fixed  resources. 
Even  conceding  that  eventually  it  might  be  pos- 
sible to  enforce  an  equilibrium,  the  costs  of  doing 
so  might  well  be  heavier  than  the  (in  any  case 
problematic  and  uncertain)  costs  of  refusing  to 
be  panicked  into  taking  the  ecological  doomsday 
slogans  at  face  value. 

No  one  can  be  certain  that  these  slogans  are 
wTong,  any  more  than  their  proponents  can  be 
certain  that  they  are  right.  Indeed  it  is  probably 
worth  taking  out  a  collective  insurance  policy  on 
their  turning  out  to  be  at  least  partially  right: 
by  taxing  polluters,  by  spending  more  on  envi- 
ronmental preservation,  and  so  on  (ail  policies,  it 
must  be  stressed,  which  are  urgently  desirable  in 
themselves  and  worth  pursuing  in  order  to  make 
life  more  pleasant  here  and  now  even  if  there  were 
no  threat  of  ultimate  catastrophe).  What  is  really 
wrong-alarmingly  wrong-is  the  fact  that  they  are 
slogans,  and  no  more.  Just  as  the  50's  and  60's 
spawned  the  slogans  reflecting  the  fear  of  a  nu- 
clear holocaust,  so  now  the  70"s  have  produced 
the  slogans  born  of  the  fears  of  an  ecological 
cataclysm,  and  no  doubt  the  80's  will  make  their 
own,  distinctive  contribution. 

It  is  not  ignoble  to  be  afraid  of  being  blown 
up  by  an  H-bomb,  any  more  than  it  is  ignoble 
to  fear  the  degeneration  of  the  physical  world 
in  which  our  children  will  live.  Indeed  it  is 
right  to  be  angry  and  aroused.  But  it  is  desper- 
ately important  that  compiex  problems  should 
not  be  reduced  to  the  simple  symmetry  required 
of  systems  analysis.  This  is,  if  anything,  the  final 
surrender  to  technology— to  adjust  our  own  vision 
of  our  problems  to  the  technical  necessities  of 
feeding  them  into  a  computer.  For  the  inevitable 
result  is  to  produce  an  equally  simple  answer, 
whose  very  simplicity  makes  it  unfit  as  a  guide 
to  action.  To  the  extent  that  the  complex  inter- 
action of  economic,  ecological,  social,  and  polit- 
ical factors  makes  prediction  hazardous,  the  best 
prophets  are  those  who  allow  for  uncertainty: 
who  do  not  sell  the  future  like  a  patent  medicine 
but  persuade  mankind  to  make  continual  running 
adjustments  to  what,  after  all,  is  a  continually 
changing  future. 
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[From  the  Washington  Post,  Mar.  2,  1972] 

Prehjicament  of  Mankind 

The  Limits  to  Growth:  a  report  for  the  club  of  Rome's  project  on  the  pre- 
dicament OF  mankind,  by  DONELLA  H.  meadows,  DENNIS  L.  MEADOWS,  J0RGEN 
RANDERS   AND    WILLIAM    W.    BEHRENB    m 

(Reviewed  by  Allen  Kneese,  and  Ronald  Ridker) 

The  reviewers  are  staff  members  of  Resources  for  the  Future.  Inc..  a 
nonprofit  research  group  studying  resources  and  environmental  problems. 
Dr.  Kneese  is  director  of  the  quality  of  the  environment  program  there 
and  Dr.  Ridker  is  with  the  program  of  population  studies.  The  opinions 
expressed  in  this  review  are  entirely  their  own. 

This  book,  which  is  likely  to  be  widely  read  and  highly  controversial,  deals  with 
aspects  of  a  grand  theme,  the  predicament  of  mankind.  It  is  part  of  a  large  project 
sponsored  by  The  Club  of  Rome,  an  organization  consisting  mostly  of  businessmen 
and  scientists  concerned  about  the  future  of  mankind,  and  will  be  the  subject  of  a 
conference  at  the  Smithsonian  Institution  today. 

It  is  clear  to  almost  everyone  that  man  confronts  multiple  predicaments  and 
that  important  components  of  them  are  jwllution,  rapid  use  of  nonrenewable 
natural  resources,  and  high  rates  of  population  growth.  It  is  to  these  problems 
that  the  book  devotes  itself.  Most  of  the  work  was  done  by  a  group  at  the  Massa- 
chusetts Institute  of  Technology.  In  view  of  the  recent  flood  of  books  and  articles 
on  these  matters,  the  reviewer  must  ask  himself  whether  this  study  provides  us 
with  a  deeper  understanding  of  the  specific  nature  or  urgency  of  these  problems 
and  of  their  jKissible  solutions. 

Tlie  book's  general  discussion  of  the  population,  pollution,  and  resources  set  of 
issues,  while  informative,  is  certainly  no  better  than  that  found  in  a  numlier  of 
others.  In  addition  it  contains  some  factual  errors.  For  instance,  on  page  151  the 
authors  say  that  species  after  species  of  ocean  fishes  and  mammals  have  been 
fished  to  extinction.  In  fact,  they  have  not  been,  but  the  numbers  of  some  have 
been  reduced  greatly  to  the  point  where  they  might  possibly  be  vulnerable  to  ex- 
tinction. Tills  and  similar  imprecisions  would  hardly  be  worth  quibbling  about  if 
overstatements  were  not  an  unfortunate  characteristic  of  the  writing  of  many 
environmentalists.  Isn't  the  truth  bad  enough  ?  Anyway,  the  serious  reader  of  this 
literature  should  carry  a  few  grains  of  salt  with  him. 

The  original  contribution  of  the  book  would  have  to  be  in  the  mathematicial 
models  it  uses  to  analyze  the  consequences  of  exponential  population  and  economic 
growth.  Tills  means  geometric  growth  which  goes  1,  2,  8,  16,  etc..  as  contrasted 
with  an  unchanging  situation  or  one  growing  arithmetically,  1,  2,  3,  4,  5  et  cetera. 
The  MIT  group,  of  course,  neither  invented  the  concept  of  exponential  growth 
nor  were  they  the  first  to  try  to  determine  its  consequences  for  humanity.  In  1826 
the  Rev.  Thomas  Malthus  published  bis  famous  "An  Essa.v  on  Population"  in 
which  he  predicted  disaster  for  mankind  as  the  inevitable  consequence  of  popu- 
lation growth.  Population,  he  said,  has  a  tendency  to  grow  geometrically  while, 
because  of  limited  land,  food  supplies  increase  only  arithmetically.  His  predic- 
tions have  not,  so  far,  been  fulfilled.  For  the  bulk  of  mankind,  technological 
developments  in  food  production  have  also  led  to  exponentially  increasing  rates 
of  growth  in  food  supplies,  sufficient  in  most  countries  and  over  most  periods 
at  least  to  keep  up  with  population  growth. 

But  the  ghost  of  Malthus  has  steadily  haunted  some  intellectuals,  and  there  is  a 
long  line  of  books  elaborating  his  basic  theme.  Also,  many  projections  of  the 
future  have  been  made  embodying  exponential  growth.  An  excellent  summary  of, 
and  contribution  to.  this  literature  is  found  in  a  1963  book  b.v  Barnett  and  Morse 
called  Scarcity  and  Groivth  which  takes  little  note  of  the  work  on  its  precursors. 
Using  computer  simulation  techniques,  the  authors  have  expanded  the  Malthu- 
sian  thesis  in  two  important  directions.  First,  they  try  to  account  for  the  fact 
that  all  resources — minerals,  energy,  even  air  and  water — as  well  as  land,  on  this 
finite  Earth,  are  limited  in  supply.  And  second,  they  concern  themselves  with 
exponential  growth  in  demand  for  such  resources,  not  just  because  of  population 
growth  but  also  because  of  economic  growth. 
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Their  conclusion  :  dramatic  increases  in  world  death  rates  are  virtually  in- 
evitable sometime  during  the  21st  century  unless  both  population  and  economic 
growth  come  to  a  halt  right  away,  or  at  least  within  the  next  couple  of  decades.  If 
technology  does  not  develop  rapidly  enough,  we  run  out  of  resources ;  if  it  does 
develop  rapidly  so  that  substitutes  and  new  sources  of  supply  are  found,  pollu- 
tion levels  grow  until  death  rates  inevitably  rise  ;  if  technology  is  applied  to 
reduce  pollution  levels,  the  disaster  will  be  i>ostpone<l  until  we  run  out  of  land  on 
which  to  grow  sufficient  food.  The  overall  impression  is  one  of  inevitable  world- 
wide holocaust  unless  drastic  measures  to  stop  population  and  economic  growth 
are  instituted  very  soon. 

Does  this  analysis  improve  our  understanding  of  the  population,  resources, 
and  polution  predicaments  and  what  to  do  aiiout  them?  One  can  have  serious 
doubts.  The  authors  describe  the  feedback  loop  linkages  (say,  lietween  pollution 
and  death  rates),  which  are  the  heart  of  their  simulation  model,  in  only  the  most 
general  terms.  Repeated  references  are  made  to  mimeographed  jiapers  housed 
somewhere  at  M.I.T.  Nevertheless,  a  look  at  their  flow  chart  shows  that  few  of 
these  linkages  are  now  understood  in  quantitiitive,  or  in  some  cases  even  direc- 
tional, terms.  Many  of  them  are  at  such  an  aggregated  level  that  they  may  never 
be  understandable  in  a  quantitative  way.  A  simple  but  fundamental  fact  about 
computers  is  that  the  quality  of  what  comes  out  is  entirely  determined  by  the 
I  quality  of  what  goes  in.  This  is  the  famous  GIGO  principle  (garbage  in-garbage 
out ) . 

The  authors  recognize  that  their  data  are  very  weak  or  nonexistent  and  heavily 
qualify  their  numerical  results.  But  this  is  meant  to  be  a  popular  book  whose 
readers  are  unlikely  to  be  very  sensitive  to  these  niceties.  This  has  already  been 
illustrated  by  some  of  the  accoimts  of  the  study  appearing  in  the  press.  Authors 
should  not  be  blamed  for  misinteipretation  of  their  results  if  they  are  clearly 
presented.  Except  perhaps,  as  in  this  case,  wlien  a  popularization  is  rushetl  into 
print  before  the  underlying  research  on  such  incredibly  complex  matters  is  pub- 
lished and  can  be  evaluated  by  the  scholarly  community. 

Furthermore,  the  authors  load  their  case  by  letting  some  things  grow  exponen- 
tially and  others  not.  Population,  capital,  and  pollution  grow  exponentially  in  all 
models,  but  technologies  for  expanding  resources  and  controlling  pollution  are 
permitted  to  grow,  if  at  all,  only  in  discrete  increments. 

The  consequences  of  this  can  be  understoo<l  by  taking  a  look  at  what  the  authors 
call  the  standard  run  of  the  simiilation  model.  This  is  meant  to  display  the  re- 
sults if  there  are  "  *  *  -  no  great  changes  in  human  values  nor  in  the  functioning 
of  the  global  population-capital  system  as  it  has  operated  for  the  last  100  years." 
In  this  run,  population,  capital,  and  pollution  are  pennitted  to  grow  exponentially 
while  availalile  resources  are  held  in  fixed  .supply — which  is  in  fact  contrary  to 
history.  The  system  soon  collapses  (it  is  hard  to  tell  how  soon  because  the  time 
axes  of  the  charts  are  only  vaguely  labeled)   because  of  resource  exliaustion. 

But,  as  is  clearly  shown  in  studies  like  that  of  Barnett  and  Morse,  new  dis- 
coveries and  technological  improvements  have,  over  the  past  100  years,  fully 
kept  up  with  demand.  In  other  words,  tlie  effectively  useful  resource  base  has 
been  expanding  exponentially  too.  Although  it  cannot  be  expected  to  do  so  indef- 
initely, it  does  seem  reasonable  that  a  model  explicitly  based  on  past  tendencies 
would  incorporate  this.  If  it  had,  the  results  of  t tie  standard  run  would  be  totally 
different  and  resoui-ce  scarcity  would  not  have  occurred.  The  assumption  that 
resource-using  activities  grow  exponentially  and  resource-expanding  ones  either 
don't  grow  or  grow  only  by  arithmetic  increments  makes  the  disasters  projected 
by  the  model  inevitable — just  as  they  seemed  to  .Malthus  150  years  ago. 

The  point  is  that  the  model  results  are  very  sensitive  to  particular  assump- 
tions about  highly  imcertain  and  ill-defined  relationships,  and  the  uncertainty 
increases  (probably  exponentially)  as  the  simulation  rolls  out  into  the  distant 
future.  Any  reflection  of  reality  which  may  be  in  the  model  soon  fades  away, 
but  the  computer  keeps  right  on  charting  precise  lines  for  nearly  150  years. 

Another  illustration  is  provided  by  one  of  "their  ''optimistic'"  runs.  In  this, 
the  resource  base  and  agricultural  land  are  regarded  as  indefinitely  expansible 
(presumably  through  technological  improvements)  but  the  system  crashes  be- 
cause of  pollution,  in  what  looks  to  be  about  100  years.  It  crashes  becau.se  it  is 
assumed  that  pollution  (which,  like  most  other  things,  is  extremely  vaguely 
defined  in  the  book)  cannot  be  reduced  to  less  than  one-fourth  its  current  amount 
per  unit  of  production.  So  as  production  reaches  high  levels,  i>ollution  grows 
disastrously.  The  authors  suggest  that  the  reason  pollution  cannot  be  more  fully 
curbed  is  that  things  like  asbestos  from  brake  linings  are  hard  to  control.  Asbestos 
brake  linings  in  a  hundred  years? 
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Thit  ttandard  world  model  run  assumet  no  major  change  in  tha 
phytical,  economic,  or  tocial  relationshipg  that  hav  historically 
fovemed  tha  development  of  i/m  world  lystem.  Population 
growth  is  finally  halted  by  a  rise  in  the  dfoth  rate  due  to 
decreased  food  and  medical  services. 


t  STASrUZEO  WORLD  MODEL  I 


chart!  frotB  Iha  b^ok 

Technological  policies  and  grotfth.regulated  policies  are  com  bined 

in  this  run  to  produce  an  equilibrium  slate  sustainable  far  into 

the  future.  Births  are  set  equal  to  deaths  and  industrial  capital 

investment  is  equal  to  capital  depreciation. 


Projecting  the  specifics  of  technology  into  the  remote  future  is  a  bootless 
chore.  When  we  are  considering  events  more  than  a  few  years  or  decades  ahead, 
uncertainty  mounts  and  after  a  while  it  becomes  almost  total.  There  are  myriads 
of  sensitive  adjustments,  such  as  induced  innovation  and  substitutions  of  one 
material  for  another  as  relative  prices  change,  which  are  parts  of  a  miich  broader 
social  adaptation,  learning,  and  institutiou-building  process.  This  process  can 
be  embodied  only  crudely,  if  at  all,  in  a  computer  simulation.  Believable 
theories  of  history  are  unlikely  to  result  from  a  computer  processing  a  few 
numerical  relationships. 

One  can"t  help  l)ut  believe  that  this  failure  accounts  for  the  fact  that  almost 
all  of  the  scenarios  considered  result  in  collapse.  This  is  not  to  assert  that 
collapse  is  unlikely — only  that  these  models  provide  little  help  in  understand- 
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ing  whether  it  is  or  not,  because  they  neglect  some  extremely  important  adjust- 
ment processes.  In  the  very  long  run,  these  come  to  dominate  the  entire  system. 
The  more  advanced  economies  have  only  recently  ceased  regarding  air  and 
water  as  free  goods  and  to  restrict  or  price  their  use.  For  the  first  time,  a 
major  scientific  enterprise  has  gotten  under  way  to  devise  eflScient  ways  to 
conserve  their  use,  and  institutions  for  management  are  being  built. 

Nevertheless,  there  may  be  relatively  firm  long-term  limits  imposed  by  global 
changes  in  the  chemical  and  physical  properties  of  the  atmosphere  (say,  because 
of  the  discharge  of  carbon  dioxide) .  If  these  exist,  they  can  only  be  determined  by 
complex  specialized  studies  we  don't  know  how  to  do  yet.  Methodology  for  doing 
them  is  under  active  development.  But  the  large-scale  atmospheric  changes  which 
might  come  about,  while  probably  on  balance  quite  undesirable,  would  not  nec- 
essarily lead  to  the  kind  of  disastrous  collapse  envisaged  in  this  book. 

There  also  is  a  possibility  that,  any  day,  humanity  could  loose  upon  itself,  or 
the  ecological  systems  upon  which  it  depends,  a  disastrously  virulent  substance — 
mercury,  DDT,  and  PCB's  gave  us  hints  of  this  possibility.  The  proper  response 
here  is  much  more  careful  monitoring  and  testing  than  earlier — a  path  upon 
which  at  least  the  advanced  countries  have  embarked.  The  global  model  is  grandly 
oblivious  of  their  problem. 

The  element  of  the  human  predicament  that  has  the  most  momentum  and  the 
longest  lag  time  between  countermeasures  and  response  is  population  growth 
in  the  developing  countries.  (In  the  I'uited  States,  the  population  growth  rate  is 
low  and  falling,  and  in  some  European  countries,  population  is  not  growing  at 
all.)  But  we  knew  about  the  urgency  of  this  problem  already.  In  fact,  this  highly 
aggregated  model  obscures  the  dramatic  differences  between  the  developing  and 
the  developed  world  Iti  this  respect.  What  we  don't  know  is  what  to  do  about  it, 
and  we  get  no  help  on  this  problem  from  global  models. 

Our  assessment?  An  interesting  framework  upon  which  to  hang  some  types  of 
resources  and  environmental  research?  We  think  so.  A  helpful  near-term  tool  for 
strengthening  and  deepening  our  understanding  of  man's  predicament  and  what 
to  do  about  it?  We  think  not. 


The  Limits  to  Growth  :  A  Critique 

{Limits  to  Growth — the  study  sponsored  by  the  Club  of  Rome^  and  con- 
ducted by  a  team  led  by  Prof.  Dennis  Meadows  at  the  Massachusetts  In- 
stitute of  Technology — ^was  published  in  March  1972.  Its  main  conclusion — that 
man  is  faced  by  ecological  catastrophe  unless  zero  growth  rates  in  population  and 
industrial  production  are  attained  by  1975 — attracted  great  attention  and  con- 
troversy. Here  a  World  Bank  economist  offers  his  views.' — Mahbub  ul  Haq) 

The  basis  thesis  in  the  "Limits"  is  a  simple  one — and  for  that  very  reason,  it 
has  a  powerful  appeal.  It  derives  its  conviction  from  the  simple  notion  that  in- 
finite growth  is  impossible  on  a  finite  planet.  It  lends  an  air  of  frightening  urgency 
to  this  notion  by  contending  that  the  limits  to  growth  are  already  being  reached 
and  that  mankind  is  destined  for  catastrophe  during  the  next  100  years  unless 
this  growth  is  stopped  right  away. 

The  basic  thesis  of  the  Limits  to  Growth  model  breaks  down  into  the 
following  major  themes : 

(1)  Many  critical  variables  in  our  global  society — particularly  population  and 
industrial  production— have  been  growing  at  a  constant  percentage  rate  so  that, 
by  now,  the  absolute  increase  each  year  is  extremely  large.  Such  increases  will 
become  increasingly  unmanageable  unless  deliberate  action  is  taken  to  prevent 
such  exponential  growth. 

(2)  However,  physical  resources — particularly  cultivable  land  and  nonrenew- 
able minerals— and  the  Earth's  capacity  to  "absorb"  pollution  are  finite.  Sooner 
or  later,  the  exponential  growth  in  population  and  industrial  production  will 
bump  into  this  physical  ceiling  and.  instead  of  staying  at  the  ceiling,  will  then 
plunge  downward  with  a  sudden  and  uncontrollable  decline  in  both  population 
and  industrial  capacity. 


_  1  Club  of  Romp. — A  loosp-knit  eroiip  of  about  7.5  men  from  2.5  nations,  the  "club" 
includes  eminent  scientists,  industrialists,  economists,  sociologists,  and  educators.  Despite 
lack  of  formal  budget  or  organizational  structure,  it  aims  to  spur  action  on  major  world 
problems  through  research  iiro.jects. 

=  This  article  is  based  on  a' World  Bank  anal.vsis  of  The  Limits  to  Growth,  undertaken 
by  a  team  of  which  the  author  was  chairman.  The  author  is  grateful  to  Messrs.  Nicholas 
Carter,  Edward  Hawkins.  Douglas  Keare,  Bension  Varon,  Charles  Weiss  and  Kunni- 
parampilZachariah  for  their  help. 
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(3)  Since  technological  progress  cannot  expand  all  physical  resources  in- 
definitely, it  would  be  better  to  establish  conscious  limits  on  our  future  growth 
rather  than  to  let  nature  establish  them  for  us  in  catastrophic  fashion. 

The  authors  concede  that  more  optimistic  alternative  assumptions  can  be  built 
into  the  model  but  they  contend  that  this  merely  postpones  the  problem  by  a 
few  decades  so  that  it  would  be  better  to  err  on  the  side  of  action  now  rather 
than  later.  They  are  also  conscious  of  some  of  the  problems  that  zero  growth 
rates  may  raise  for  the  world.  They  hint  at  policies  of  income  redistribution 
between  the  rich  and  the  poor  nations  as  well  as  within  these  nations ;  and  they 
plead  for  a  change  in  the  composition  of  production  away  from  industrial  output 
and  toward  the  social  services.  Unfortunately,  many  of  the  redeeming  qualifica- 
tions that  the  authors  mention  are  not  pursued  by  them  and  are  generally  lost  in 
their  anxiety  to  make  their  predictions  as  dramatic  as  possible. 

THE    BASIC   ASSUMPTIONS 

Any  study  of  the  "Limits"  model  clearly  must  start  with  a  critical  examination 
of  the  assumptions  that  went  into  the  model  of  the  world  economy  on  which  it 
is  based ;  it  is  a  truism  that  a  model  is  just  as  good  as  the  assumptions  built  into 
it.  Our  investigations  showed  that  many  assumptions  in  the  model  were  not 
scientifically  established  and  that  the  use  of  data  was  often  careless  and  casual. 
This  was  particularly  true  of  the  assumptions  regarding  nonrenewable  resources 
and  pollution.  We  also  found  that,  contrary  to  the  protestations  of  the  authors, 
the  model  was  fairly  sensitive  to  the  choice  of  these  assumptions,  and  that  rea- 
sonable adjustments  in  the  assumptions  regarding  population,  nonrenewable  re- 
sources, and  pollution  could  postpone  the  pretlicted  catastrophe  by  another  100 
to  200  years  even  if  one  accepted  the  general  methodology  of  the  model.  And  in 
this  context  an  additional  100  years  might  be  as  vital  as  an  additional  second 
might  be  to  a  car  driver  in  a  traffic  emergency — it  could  transform  the  whole 
situation. 

Population 

The  "Limits"  model  is  right  in  postulating  that  world  population  has  been 
growing  exponentially  in  the  last  century  and  that,  if  the  present  rate  of  growth 
continues,  today's  population  of  3.6  billion  will  double  in  the  next  35  years.  How- 
ever, while  such  medium-term  assumptions  are  fairly  sound,  the  model  does  not 
do  justice  to  a  number  of  demographic  factors  that  are  likely  to  come  into  play 
in  the  long  run,  and  which  may  even  be  significant  in  the  short  run. 

To  begin  with,  some  of  the  recent  demographic  trends  indicate  that  fertility 
has  already  started  to  decline  in  a  number  of  countries.  Of  the  66  countries  for 
which  accurate  data  are  available,  as  many  as  56  show  a  decline.  Most  demog- 
raphers are  agreed  by  now  that  the  1970's  will  see  the  popultion  growth  rate 
reach  a  plateau  so  that  by  19S0  population  growth  rates  will  tend  to  decline, 
slowly  at  first  and  rapidly  thereafter. 

Furthermore,  one  of  the  major  features  in  the  population  model  of  the  "Limits" 
is  that  fertility  and  mortality  levels  are  determined  largely  by  economic  factorsi, 
such  as  the  level  of  industrial  production  and  the  output  of  services.  Population 
growth  in  the  "Limits"  model  can  only  be  reduced  by  increasing  per  capita  indus- 
trial production.  This  in  turn  increases  the  output  of  services,  including  educa- 
tion, which  both  permits  the  growth  of  family  planning  services  and  creates 
the  climate  for  their  use  to  be  effective.  Little  attention  is  given  to  the  possi- 
bility— considered  realistic  by  many  demographers — that  population  growth  may 
be  checked  by  family  planning  even  at  low  levels  of  income. 

No  one  will  deny  that  continued  population  growth  at  the  present  rate  is  a 
serious  matter  which  should  engage  the  urgent  attention  of  humanity.  The  ques- 
tion is  not  whether  population  growth  can  continue  unchecked  forever;  it  simply 
cannot.  The  real  issue  is  how  to  arrest  it  through  delil)erate  policies  of  popu- 
lation planning,  and  through  technological  breakthroughs  in  population  control 
methods  suitable  for  use  in  the  poor  nations. 

We  should  not,  however,  play  down  the  population  problem  as  presented  in  the 
"Limits"  model.  Even  if  population  control  efforts  are  successful,  the  world  will 
still  be  left  with  a  substantial  population  problem  in  both  absolute  numbers  and 
scope  for  future  growth.  The  long  time  lags  involved  in  demographic  change  in- 
sure that  population  growth  would  continue  for  several  generations  after  balance 
had  been  achieved  between  mortality  and  fertility.  Any  prognostication  about  the 
future,  therefore,  must  take  into  account  the  inevitability  of  a  world  population 
several  times  larger  than  the  present  3.0  billion. 
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Nonrenewable  Resources 

A  number  of  assumi)tionR  have  been  made  about  nonrenewable  resources  which 
turn  out,  on  close  examination,  to  be  characterized  by  the  same  rather  dramatic 
gloom  with  which  "Limits"  views  poimlation.  The  figures  on  reser\'es  of  nonre- 
newable resources  generally  come  from  the  U.S.  Bureau  of  Mines,  but  the  Bureau 
warns  that  80  percent  of  their  reserve  estimates  have  a  confidence  level  of  less 
than  65  percent ;  "Limits"  ignores  this  important  reservation.  Moreover,  some  of 
the  reserve  estimates — particularly  for  the  Commimist  countries— are  extremely 
old  or  incomplete:  some  estimates  for  mainland  China,  for  example,  go  back  to 
1913.  Again,  reserve  estimates  have  been  revised  frequently  over  time  and  are 
likely  to  change  again  in  our  own  lifetime;  between  1954  and  1966,  the  reserve 
estimates  for  one  of  the  largest  resources,  iron  ore,  rose  by  about  five  times.  It  is 
estimated  by  the  Bureau  of  Mines  that  even  these  reserves  can  l)e  doubled  at  a 
price  30  to  40  percent  higher  than  the  current  price.  Similarly,  the  reserve  esti- 
mates for  copi)er  today  are  3.5  times  their  level  in  1935  and  it  is  estimated  that 
they  could  be  more  than  douliled  again  if  the  price  were  three  times  higher. 
The  "Limits"  authors  allow  for  such  contingencies  by  assuming  that  reserves 
could  increase  by  five  times  over  the  next  100  years.  This  assumption  has  ap- 
peared generous  to  many  who  have  been  alarmed  liy  the  sweeping  prognostica- 
tions of  "Limits"  but  it  is  in  fact  extremely — and  many  experts  would  say  almost 
irrationally — conseiTative. 

It  can.  of  course,  be  objected  that  reliance  on  such  illustrations  of  how  the 
world's  resource  base  lias  expanded  shows  an  unjustified  and  adventuresome  con- 
fidence in  history.  However,  this  can  no  more  be  faulted  than  the  use  of  history 
in  the  "Limits"  study  which  only  looks  at  the  story  of  irrationality,  waste,  and 
neglect. 

The  pessimism  of  the  assumptions  on  nonrenewable  resources  becomes  even 
more  evident  if  one  considers  that  the  concept  of  resources  itself  is  a  dynamic 
one :  Many  things  become  resources  over  time.  The  expansion  of  the  last  100 
years  could  not  have  been  sustained  without  the  new  resources  of  petroleum, 
aluminum,  and  atomic  energy.  What  are  tomorrow's  possibilities? 

As  an  immediate  example,  there  exists  the  imminent  potential  for  exploiting 
resources  on  the  seabed.  Reserves  of  nodular  materials — the  most  promising 
underwater  source  of  minerals — distributed  over  the  ocean  floor  are  estimated  at 
levels  sufficient  to  sustain  a  mining  rate  of  400  million  tons  a  year  for  virtually 
an  unlimited  period  of  time.  If  only  100  million  tons  of  nodules  are  recovered 
every  year — a  target  which  appears  to  be  within  reach  in  the  next  10  to  20  years — 
it  would  add  to  the  annual  production  of  copper,  nickel,  manganese,  and  cobalt  to 
the  extent  of  roughly  one-fourth.  3  times,  6  times,  and  12  times,  respectively, 
compared  to  the  current  free  world  production  levels.  And  the  present  production 
cost  estimates  are  a  fraction  of  current  prices — one-fifth  for  copper,  one- 
thirteenth  for  nickel,  one-twenty-fourth  for  cobalt.  These  estimates — like  all  such 
estimates — are  very  tentative :  but  there  is  a  good  deal  of  evidence  that  exploita- 
tion of  seabed  resources  is  fast  becoming  a  real  possibility. 

If  certain  resources  are  likely  to  become  scarcer — or.  to  use  the  jargon  of  the 
economists,  if  supply  inelasticities  are  likely  to  develop — it  is  a  scientific  and 
intellectual  .service  to  humanity  to  draw  attention  to  those  resources  and  to  the 
time  period  over  which  they  may  vanish,  given  current  usage  and  the  present 
state  of  knowledge.  Research  into  these  areas  is,  therefore,  both  useful  and  vital. 
But  it  is  quite  another  thing  to  argue  that  no  amount  of  research,  no  technological 
breakthroughs,  will  extend  the  lifetime  of  these  resources  indefinitely  or  to  pre- 
tend that  supply  inelasticities  will  afflict  all  natural  resources  in  the  same  man- 
ner and  at  the  same  time  in  an  aggregate  model.  While  identification  of  specific 
supply  inelasticities  in  advance  of  time  is  a  definite  service,  sweeping  generaliza- 
tions about  complete  disappearance  of  all  nonrenewable  resources  at  a  particular 
point  of  time  in  the  future  is  mere  intellectual  fantasy. 

It  should  also  be  remembered  that  the  waste  of  natural  resources  is  a  function 
of  lioth  their  seeming  abundance  and  of  public  attitudes.  It  is  quite  po.^sible — 
and  indeed  probable — that  with  either  of  rhe  above  factors  changing,  resources 
can  be  con.served  without  undue  pain.  For  the  major  flaw  of  today's  pattern  of 
consumption  is  not  really  that  we  consume  too  many  final  goods  and  services, 
but  that  we  use  our  resource  inputs  extremely  ineflSciently.  If  certain  resources 
become  more  scarce  and  their  relative  price  increases,  there  will  be  a  powerful 
incentive  for  their  more  efficient  use — a  factor  that  "Limits"  completely  ignores, 
as  it  ignores  similarly  potent  positive  factors  throughout.  For  instance,  energy 
can  be  much  more  economically  used.  There  is  scope  for  smaller  cars  with  weaker 
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engines,  public  rather  than  private  transport,  increasing  efficiency  in  burning 
fuels  and  in  generating  and  distributing  electricity,  and  improved  design  of  air- 
craft engines  and  bodies. 

Looking  at  the  problem,  as  Limits  to  Grotvth  has  done,  in  terms  of  quantify- 
ing the  life  expectancy  of  resources  as  presently  constituted,  we  conclude  that 
these  are  sufficient  to  last  very  much  longer  than  stipulated.  It  is  not  a  question 
of  expecting  natural  resources  to  accommodate  forever  our  current  patterns  of 
growth,  production,  and  consumption;  clearly,  they  will  not.  But  we  are  con- 
fident that  natural  resources  will  last  long  enough  to  allow  us  time  to  make 
deliberate  adjustments  in  the  way  we  use  them  so  that  resource  needs  can  be  met 
indefinitely.  We  have  seen  no  convincing  evidence  to  suggest  that  mankind  faces 
a  final  curtain  about  100  years  from  now  through  depletion  of  nonrenewable 
resources. 

ABOUT    80   TO    90    PERCENT   OF   PRESENT   POLLUTION    CAN    BE   REMOVED   AT   RELATIVELY 

LOW  COST 

Pollution 

The  assumptions  regarding  pollution  are  the  weakest  part  of  the  model  of 
world  economic  activity  on  which  Limits  is  based.  In  many  instances  they  are 
not  established  on  any  scientific  basis.  We  still  know  so  little  about  the  genera- 
tion and  absorption  of  pollution,  and  about  the  effects  of  pollution,  that  definite 
functions  are  very  hard  to  establish. 

Our  examination  of  the  relationships  between  pollution  and  economic  growth 
began  with  a  study  of  the  model  developed  in  the  book  WorM  Dynamics.^  We  did 
this  because  the  Limits  model  was  not  available  to  us  at  tliat  time.  This  indirect 
examination  was  justified  because  the  Limits  model  treats  pollution  in  much 
the  same  way  that  World  Dynamics  does.  The  main  differences  are  that  Limits 
allows  for  a  time  lag  between  the  generation  of  pollution  and  its  effects  and  also 
for  pollution  resulting  from  agricultural  development.  However,  these  differences 
are  hardly  important  for  the  main  argument  of  the  Limits  model. 

Although  little  is  known  about  the  generation  of  pollution,  it  is  simply  claimed 
in  the  World  Dynamics  model  that  it  rises  at  the  same  speed  as  the  growth  in 
capital  stock  per  capita.  As  natural  resources  are  used,  progressively  more  capi- 
tal must  be  applied  to  extract  a  given  amount  of  final  outut — because  of  the 
necessity  of  using  increasing  amounts  of  energy  in  production  as  resources  are 
either  consumed  or  disposed  of.  Hence  pollution  grows  to  increasingly  higher 
levels.  In  fact,  the  prediction  of  a  pollution  catastrophe  depends  on  the  value 
of  the  ratio  assmned  in  the  model  between  the  pollution  level  and  capital  stock 
per  capita.  It  appears  from  our  study,  however,  that  if  the  assumed  value  could  be 
reduced  by  five-eighths — an  adjustment  well  within  the  error  range  of  the  data — 
the  prediction  of  catastrophe  would  be  completely  erased.  Since  data  on  actual 
relationships  between  pollution  and  capital  stock  are  sparse,  there  is  no  particu- 
lar reason  to  favor  one  value  for  the  ratio  rather  than  another. 

Again,  in  discussing  the  Earth's  capacity  to  absorb  pollutants,  the  World  Dy- 
namics model  assumes,  entirely  arbitrarily,  that  the  world's  overall  capacity  to 
absorb  pollution  is  four  times  the  present  annual  level  and  that  pollution  levels 
beyond  certain  limits  will  start  affecting  human  mortality.  While  it  may  be 
true  that  accumulating  pollution  levels  may  destroy  present  concepts  of  living 
during  the  next  100  years,  there  is  little  evidence  that  life  itself  will  be  destroyed. 

Furthermore,  the  authors  do  not  fully  consider  that  higher  levels  of  indus- 
trial development  will  allow  societies  to  devote  additional  resources  to  taking 
care  of  the  pollution  problem  without  sacrificing  continued  economic  growth.  It 
has  been  estimated,  for  example,  that  the  United  States  could  spend  $16  billion 
a  year,  or  about  one-third  the  annual  increase  in  its  gross  national  product,  and 
achieve  a  substantial  reduction  in  pollution  over  the  next  6  years.  Despite  this, 
the  United  States  could  still  increase  its  per  capita  consumption  by  another 
$900  over  this  period.  Similarly,  it  has  been  calculated  that  about  80  to  90  percent 
of  present  pollution  can  be  removed  at  a  relatively  low  cost :  The  cost  increases 
would  be  about  5  ijei^cent  for  industrial  waste ;  2  percent  for  thermal  electricity : 
and  10  percent  for  automobiles. 

Despite  such  objections  to  the  Limits  model,  it  should  not  be  thought  that 
pollution  is  of  little  global  concern  or  that  it  is  unrelated  to  economic  growth.  It 
is  simply  that  information  of  the  kind  given  above — which  is  extremely  perti- 
nent to  the  Limits  projections — illustrates  that  pollution  buildup  and  world  col- 
lapse is  not  necessarily  inevitable  even  with  continued  economic  growth. 


3  Jay  W.  Forrester,    World  Dynamics    (Cambridge,   Mass.,   U.S.A.,   1971),    Wright-Allen 
Press. 
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In  general,  however,  the  assumptions  of  the  model  regarding  population, 
depletion  of  nonrenewable  resources,  and  pollution  and  absorption  slioukl  not 
be  taken  lightly.  However,  more  study  and  research  is  needed  to  establish  more 
reasonable  parameters  for  those  three  critical  variables  in  a  long-term  model. 

NATURE  OF  THE  MODEL 

From  an  analysis  of  the  basic  assumptions  of  the  model,  we  turned  to  its  essen- 
tial nature  and  methodology.  Here  we  found  that  our  analysis  was  handicapped 
by  the  extreme  aggregation  found  in  the  model.  The  whole  world  is  treated  as 
one  and  homogenous  even  when  it  is  clear  that  the  real  world  is  characterized 
by  vast  differences  in  income  and  consumption  patterns :  for  instance,  the  per 
capita  income  levels  in  developed  countries  are  14  times  those  in  the  developing 
countries ;  and  the  style  of  development,  the  patterns  of  growth,  and  the  compo- 
sition of  consumption  demand  vary  widely  in  different  parts  of  the  world. 

The  highly  aggregate  nature  of  the  model  raises  a  number  of  difficulties  in  anal- 
ysis. For  one  thing,  it  is  not  clear  how  seriously  one  can  take  averages  of  various 
variables  which  are  widely  dissimilar.  For  another,  it  makes  any  plausible  in- 
terpretation of  the  model  very  difficult.  There  is  only  one  aggregate  natural  re- 
source or  one  aggregate  pollutant,  keeping  one  guessing  as  to  how  representative 
its  behavior  is  of  the  real  world  which  is  marked  by  much  greater  diversity, 
complexity  and  substitutability. 

More  important,  it  is  not  possible  to  get  any  useful  policy  guidance  from  such  an 
aggregate  view  of  the  world.  The  real  world  is  divided  politically  into  a  number 
of  nation  states  and  economically  into  developed  and  developing  countries. 
They  do  not  all  behave  similarly  nor  are  they  affected  in  the  same  manner.  Thus, 
if  natural  resources  are  being  progressively  depleted,  this  may  raise  their  price 
and  benefit  the  producing  countries  which  are  mostly  in  the  developing  world. 
The  transfer  of  resources  from  the  rich  to  the  poor  nations  in  such  a  situation 
may  well  alter  the  overall  pattern  of  growth  rates.  Such  natural  checks  and 
balances  arise  in  the  real  world  but  they  are  not  allowed  for  in  the  Limits  ag- 
gregate world  model  which  moves  only  in  one  direction — toward  disaster. 

Before  we  can  arrive  at  any  useful  or  relevant  conclusion,  a  minimum  condi- 
tion is  to  construct  at  least  a  two-world  model,  distinguishing  between  the  de- 
veloped and  the  developing  world.  Without  a  greater  degree  of  disaggregation 
there  is  a  great  danger  that  the  model  may  become  a  caricature  of  the  real 
world  rather  than  a  mere  abstraction. 

The  methodology  used  in  the  model  further  helps  us  along  the  road  to  disaster. 
It  does  not  allow  for  economic  costs  and  prices  nor  for  conscious  choices  made  by 
society ;  there  are  no  real  corrective  mechanisms — only  physical  engineering  re- 
lationship. The  world  keeps  on  proceeding  in  its  merry  way — frittering  away 
its  resources,  populating  itself  endlessly,  accumulating  pollution — until  one 
fine  morning  it  hits  disaster. 

Is  this  a  realistic  abstraction  from  the  world  as  we  know  it?  In  the  real  world, 
there  is  not  one  nonrenewable  resource  but  many.  They  do  not  suddenly  disap- 
pear collectively  but  become  more  and  more  scarce  individually.  As  each  re- 
source becomes  more  scarce,  price  signals  flash  and  alarm  bells  ring  all  over 
the  world.  This  directs  technological  research  into  them ;  possibilities  of  sub- 
stitution are  explored ;  conscious  choices  are  made  by  society  to  economize  on 
them,  to  do  without  them,  or  to  enlarge  their  exploitation  by  using  marginal 
reserves  or  by  recyling  at  a  higher  price.  In  other  words,  corrective  mechanisms 
start  working.  Similarly,  it  is  hard  to  believe  that  a  pollution  crisis  can  sneak 
upon  humanity  as  insidiously  as  the  model  implies.  Even  a  modest  level  of  pol- 
lution would  mean  that  even  though  the  world  average  of  persistent  pollutants 
was  still  quite  low  and  not  yet  obnoxious  to  human  health,  some  particular  lo- 
calities would  be  suffering  to  a  point  at  which  corrective  action  would  have  to 
be  taken — London,  for  example,  introduced  legislation  to  help  purify  Its  air  and 
eliminate  the  deadly  "pea  soup"  fogs. 

Humanity  faces  these  problems  one  by  one,  every  year  in  every  era,  and  keeps 
making  its  quiet  adjustments.  It  does  not  keep  accumulating  them  indefinitely 
until  thoy  make  catastrophe  inevitable.  One  does  not  have  to  believe  in  the  in- 
visible hand  to  subscribe  to  such  a  view  of  society.  One  has  merely  to  believe 
in  human  sanity  and  its  instinct  for  self-preservation.  While  the  model  itself 
contains  hardly  any  mention  of  conscious  corrective  mechanisms,  in  a  larger 
sense  its  very  apjiearance  can  be  regarded  as  part  of  the  corrective  mechanism 
which  societies  devise  in  response  to  major  problena*;. 

One  of  the  most  curious  parts  of  the  model  is  its  treatment  of  the  role  of 
technology.  In  an  age  of  the  most  dramatic  technological  progress,  the  authors 


210 

contend  that  there  cannot  be  a  continuation  of  such  rapid  progress  in  the  future. 
And  this  is  merely  an  assumption,  not  a  proven  thesis.  The  model  assumes  that 
certain  things  in  tliis  world — population,  capital  stock,  pollution — will  grow  at 
exponential  rates ;  but  it  assumes  that  certain  other  things — specifically  tech- 
nology to  enlarge  the  resource  base  and  to  fight  pollution — will  not  grow  expo- 
nentially. Any  such  model  is  inherently  un.stable  and  we  should  not  be  surprised 
if  it  leads  to  disaster. 

The  authors'  assumptions  are,  however,  scarcely  realistic  since  man  so  far  has 
continuously  proved  his  ability  to  extend  the  physical  limits  of  this  planet 
through  constant  innovations  and  technological  progress.  There  is  no  .reason 
to  think  that  technological  innovations  in  conserving,  recycling,  and  discovering 
new  resources,  and  in  combating  pollution  will  stop  simply  because  by  their  very 
nature  we  cannot  predict  them  in  advance. 

Policy  implications  of  the  model 

The  policy  implications  which  flow  from  the  "Limits"  model  are  the  least 
stressed  and  the  least  developed  part  of  the  book.  Yet,  it  is  these  policy  im- 
plications that  have  attracted  the  greatest  attention  since  the  book  has  appeared. 
The  major  policy  conclusion  from  the  model  is  the  prescription  of  a  zero  growth 
rate,  both  in  population  and  in  material  production.  But  that  prescription  is 
not  logically  derived  from  the  model.  Even  if  one  accepts  some  of  the  premises  of 
the  authors  about  certain  physical  limits  to  further  unchecked  growth,  it  is 
not  clear  from  their  work  why  the  world  must  immediately  move  in  1975  to 
zero  growth  rate.  Since  the  model  excessively  aggregated,  the  authors  are 
in  no  position  to  discuss  various  alternative  choices  which  are  still  open  to 
society  even  if  physical  limits  to  growth  are  conceded. 

There  is  first  the  choice  between  development  and  defense.  Presently,  about 
$200  billion  is  being  spent  on  defense,  whicli  is  one  of  the  major  users  of  world 
resources  and  generators  of  pollution.  If  society  is  really  concerned  about 
resource  constraints,  could  it  not  consciously  choose  to  devote  less  resources  to 
defen.cie  and  more  to  development?  Again,  there  is  the  choice  of  patterns  of 
growth.  If  natural  resources  become  more  scarce,  could  society  not  decide  to 
have  a  different  pattern  of  consumption — based  on  more  services  and  leisure — 
which  is  less  resource  consuming?  Finally,  if  the  rich  nations  were  to  stop 
growing,  the  growth  of  the  developing  world  could  well  proceed  without  putting 
major  pressures  on  global  physical  limits,  whatever  these  may  be.  These  are 
some  of  the  real  choices  that  humanity  faces  at  present  and  a  good  deal  of 
debate  is  centering  on  them.  But  these  choices  can  hardly  be  considered  in 
the  context  of  the  "Limits"  model  which  is  sweeping  in  its  overall  policy  prescrip- 
tions. 

Another  area  of  policy  concern  is  world  income  distribution.  If  we  were  to 
accept,  as  the  authors  do,  the  thesis  that  the  world  cann'^1  be  saved  except 
through  zero  growth  rates,  we  must  also  demonstrate  that  world  income  re- 
distribution on  a  massive  scale  is  possible.  Otherwise,  freezing  the  present 
world  income  distribution  would  not  save  the  world ;  it  would  only  bring  about 
a  confrontation  between  the  haves  and  the  have-nots.  "Limits"  recognizes  this 
but  skips  the  issue  rather  lightly  as  if  it  were  a  mere  irritant.  It  does  not  ad- 
dress itself  to  the  basic  issue ;  how  is  such  a  redistribution  to  be  brought  about 
in  a  stagnant  world?  Through  negative  growth  rates  in  the  developed  world 
and  positive  growth  rates  in  the  developing  countries?  Through  a  mass  im- 
migration of  the  populations  of  the  developing  countries  into  the  developed 
world?  Through  a  massive  transfer  of  resources  under  a  world  income  tax?  And 
what  is  the  realism  of  all  this  in  a  world  that  is  rather  reluctant  to  transfer 
even  1  percent  of  its  gross  national  product  in  tlie  form  of  development  as- 
sistance? While  income  redistribution  is  a  desirable  objective  and  must  be 
pursued  with  full  vigor,  we  must  recognize  that  it  is  going  to  be  even  more 
diflicult  to  achieve — both  within  and  between  nations — if  there  is  no  prospect 
of  future  growth  and  various  groups  fight  to  keep  their  share  in  a  stagnant 
world. 

The  basic  weakness  of  the  Limits  to  Growth  thesis  is  not  so  much  that  it  is 
alarmist  but  that  it  is  complacent.  It  is  alarmist  about  the  physical  limits  which 
may  in  practice  be  extended  by  continued  technological  progress,  but  com- 
placent about  the  social  and  political  problems  which  its  own  prescriptions 
would  only  exacerbate.  Yet  it  is  such  problems  which  are  probably  the  most 
serious  obstacles  in  the  way  of  enjoyment  of  the  Earth's  resources  by  all  its 
population.  The  industrialized  countries  may  be  able  to  accept  a  target  of  zero 
growth  as  a  disagreeable,  yet  perhaps  morally  bracing,  regime  for  their  own  citi- 
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zens.  For  the  developing  world,  however,  zero  growth  offers  only  a  prospect  of 
despair  and  world  income  redistribution  is  merely  a  wistful  dream. 

The  shock  waves  generated  by  the  "Limits"  will  do  good  if  they  start  .some 
serious  academic  work  on  the  long-range  issues  of  global  survival.  To  the 
extent  that  they  divert  effort  from  the  grave  but  probably  soluble  problems 
of  our  own  day  to  plans  for  dealing  with  specters  in  the  future,  they  can  only  do 
harm. 


The  Limits  to  Growth 

(By  Donella  H.  Meadows,  Dennis  L.  Meadows,  Jergen  Randers,   William  W. 

Behrens  III) 

[Published  in  the  United  States  of  America  in  1972  by  Universe  Books] 

The  continuing  debate  over  the  last  few  years  about  whether  the  contributions 
of  science  to  civilization  is  on  balance  a  good  thing  is  more  tedious  than  it  is 
inconclu.sive.  In  any  case  the  proponents  of  more  science  almost  invariably  cheat. 
Apparent  successes  over  the  past  are  clearly  evidence  in  favor.  Apparent  failures 
to  solve  problems — even  problems  created  by  science  and  technology — are 
grouiJed  under  the  category  of  "challenges."  ^  Using  this  lamentable  methodol- 
ogy the  technocrat,  of  course,  cannot  lose.  If  scientific  benefits  can't  be  discerned, 
the  efforts  of  scientists  are  fruitful,  and  should  obviously  be  encouraged.  If  dis- 
asters result,  there  is  surely  an  urgent  case  for  more  scientific  research.  It  is 
not  too  surprising  that  ecologists  occasionally  employ  the  same  sort  of  forensics. 
Disasters  attributable  to  the  results  of  .scientific  research  speak  for  themselves. 
As  for  current  scientific  achievements,  in  a  highly  complex  ecosystem,  interference 
is  sure,  sooner  or  later,  to  produce  some  ecological  calamity. 

The  public,  too,  is  beginning  to  tire  of  comparing  the  relative  demerits  of  smog 
in  London  20  years  ago  and  of  carbon  monoxide  and  lead  poisoning  today ;  of 
comparing  the  disappearance  of  some  bird  species  and  the  reappearance  in  the 
Thames  of  some  (possibly  mutant)  fish;  of  comparing  poverty  today  and  of 
poverty  50  or  100  years  ago.  and  of  comparing  crime,  mortality,  and  disea.se,  then 
and  now.  For  the  salient  fact  today  is  that  the  ecological  problem,  if  not  the 
social  problem  also,  has  become  global.  Nobody  any  longer  can  get  away.  The 
air,  the  land,  the  waters  of  the  Earth  are  indeed  being  polluted  by  man  on  a 
scale,  and  at  a  rate,  that  is  quite  unprecedented  in  history.  Never  before  did 
man  produce  thousands  of  synthetic  compounds  each  year — the  long-term  con- 
sequences of  which,  singly  or  in  combination,  as  it  happens,  we  know  next  to 
nothing  about.  Never  before  have  men  lived  under  the  threat  of  nuclear  annihila- 
tion or  of  extinction  in  any  number  of  horrible  ways  by  biochemical  means  of 
warfare.  Never  before  was  popu/ation  so  large,  so  interdependent  and  so  vulner- 
able. And  never  have  resources  been  consumed  on  so  stupendous  a  scale. 

Any  regard  to  perspective,  understandably  breeds  an  impatience  with  these 
perpetual  debates  about  the  history  of  local  dLsamenities.  A  global  approach  is 
sought ;  a  general  model  capable  of  handling  a  select  number  of  critical  varia- 
bles;  a  model  into  which  data  can  be  fed  and  from  which  (hopefully)  will  emerge 
vital  information  about  the  cour.se  of  future  events. 

The  Limits  to  Growth  is  a  popular  account  of  such  a  model — one  that.  i)er- 
force,  ignores  the  risks  of  warfare,  disea.ses.  or  sudden  ecological  collap.se.  With 
a  high  degree  of  confidence,  one  can  predict  that  the  book  will  not  be  welcomed 
by  economists.  Since  very  few  of  them  have  seriously  questioned  the  notion  of 
sustained  economic  growth  as  a  legitimate  aim  of  .social  policy — indeed  the 
accent  since  the  war  has  been  on  ways  and  means  of  increasing  rates  of  economic 
growth — the  greater  the  success  of  reports  such  as  these  in  persuading  the  public 
of  the  sheer  physical  impossibility  of  continuing  much  longer  along  the  growth 
path,  the  greater  the  damage  to  the  credibility  of  economists  habitually  regarded 
as  the  custodians  of  .society's  material  well-being.  Indeed,  generalizing  from 
the  response  to  the  Blueprint  for  Survival  in  this  country,  even  the  sort  of 
denunciation  it  will  invoke  can  be  anticipated.  Ritual  scorn  will  be  poured  on 
doomsayers.  Prophecies  of  world  catastrophe  reaching  back  to  ancient  Egypt  will 
be  unearthed.  Yet  again  will  Maltlius  be  dismissed  as  a  fal.'^e  prophet.  The 
economists  will  hasten  to  remind  us  that  as  traditional  resources  become  ex- 


1  For  a  recent  and  quite  typical  example  of  this  method  of  argumentation,  see  the  short 
article  by  Kenneth  Mellanl)y,  "Ecologists  Who  Ignore  Technology's  Successes."  which 
appeared  in  The  Times,  Mar.  ."?,  1972. 
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hausted,  new  materials  are  sure  to  come  into  being,  and  new  technologies  should 
enable  us  continuously  to  raise  real  standards,  at  least  in  the  West.  For  the 
boundaries  of  science  are  widening  today  more  rapidly  than  in  any  other  period 
in  history.  Not  least,  economists  will  insist  that  the  model  described  in  the  book 
Is  far  too  simple  to  express  reality,  and  that  it  makes  no  provision  for  the  re- 
source and  ingenuity  of  man. 

And  yet  this  book  is  s^re  to  make  an  impact,  as  indeed  did  the  Blueprint  which 
preceded  it  by  a  couple  of  months.  It  comes  at  a  time  when  Western  societies  are 
beginning  to  experience  a  growing  variety  of  environmental  ills ;  at  a  time  when 
alarm  is  mounting  at  the  unabating  growth  of  the  number  of  inhabitants  on  this 
seemingly  tiny  planet ;  and  at  a  time  of  increasing  public  awareness  and 
exasperation  at  the  apparently  inescapable  noise  and  traffic  pollution,  at  the 
rising  levels  of  toxic  substances  in  the  air  and  seas,  and  at  the  growth  of  lawful- 
nesses and  disruption.  A  loss  of  confidence  about  our  way  of  life  has  set  in.  People 
are  seeking  a  new  ethic  and  a  new  ethos. 

After  illustrating  and  emphasizing  two  particular  features — the  incredible 
magnitudes  that  eventually  result  from  continued  compounding,  and  the  inter- 
connection of  key  variable  such  as  food  production,  industrial  output,  popula- 
tion, resource  consumption,  and  pollution — the  authors,  who  adopt  the  method  of 
investigation  pioneered  by  Jay  Forrester,  discuss  their  findings.  In  terms  of 
timepaths  of  the  above  variables,  these  findings  tend  to  the  conclusion  that 
growth,  whether  of  population  alone,  or  of  per  capita  output  alone,  just  cannot 
continue  for  more  than  about  a  century.  If,  to  take  the  simplest  case,  we  at- 
tempt to  continue  as  we  have  been  doing  over  the  past  few  decades,  rapidly 
diminishing  resources  will  entail  a  decline  both  in  industrial  output  per  capita 
and  food  output  per  capita  in  less  than  a  hundred  years.  Pollution  will  begin  to 
decline  some  years  later,  following  which  event  the  rise  in  population  will  be 
reversed  by  a  climbing  death  rate.  Controlling  population  alone,  while  attempt- 
ing to  maintain  the  growth  of  per  capita  output  cannot  succeed  either,  because  of 
an  eventual  shortage  of  resources  and  because  of  increasing  pollution  levels. 
If  new  resources  are  found,  if  pollution-reducing  devices  are  discovered,  this  ex- 
tends the  period  of  grace  by  some  10  or  20  years,  but  not  much  longer.  SurA'ival 
over  the  indefinite  future  apparently  requires  not  only  stabilizing  the  popula- 
tion and  industrial  capacity,  but  also  reducing  pollution  and  reducing  resource 
use  per  unit  of  industrial  output  through  recycling  of  resources,  more  efficient 
technology,  and  a  shift  from  products  to  services. 

The  model  used,  though  simple  in  the  sense  that  it  confines  itself  to  the  time- 
paths  of  a  few  key  variables  is  relatively  complex  in  structure.  The  mathematical 
equations  describing  the  links  between  the  variables  cannot,  of  cour.se.  be  laid 
bare  in  a  popular  account,  and  the  general  reader  has  to  be  content  with  some 
simple  illustrations,  verbal  and  diagrammatic,  of  the  nature  of  the  interconnec- 
tions and,  later  on  in  the  book,  with  descriptions  and  graphs  (not  as  clearly 
drawn  as  they  might  be)  of  the  timepaths  of  the  variables  that  emerge  from  the 
computer  in  response  to  altering  initial  assumptions  and  parameters.  What  the 
more  serious  critic  will  want  to  examine,  however,  is  not  only  the  information 
fed  into  the  model,  but  the  structure  of  the  equation  system.  Do  changes  in  the 
structure  of  the  e^iuation  system  make  significant  differences  to  the  results?  For 
all  that,  a  beginning  has  been  made.  A  global  model  has  been  made  explicit  and, 
therefore,  open  to  modification  and  further  experiment  and  refinement. 

Once  they  have  vented  their  spleen  and  ventilated  their  cynicism,  economists 
are  almost  sure  to  start  fiddling  about  with  this  sort  of  model.  Indeed,  they  will 
find  it  hard  to  resist,  since  by  training  they  are  halntuated  to  think  in  terms  of 
interdepedent  systems,  of  timepaths  and  adjustment  mrchanisms.  One  of  the 
questions  they  might  want  to  formulate,  and  which  is  not  formulated  in  this 
report,  is — given,  say.  population  stability — what  sustained  rate  of  advance  of 
technological  innovation,  measured  say  in  such  terms  as  resource  and  pollution 
reduction  per  unit  of  output,  would  be  required  to  maintain  over  time  any  given 
positive  per  capita  growth.  Certainly  it  would  be  salutary  for  growthmen  and 
antigrowthmen  to  have  some  clearer  ideas  of  the  magnitude  of  the  tehnical 
achievements  that  are  needed  over  time  if  positive  growth  rates  are  to  be  main- 
tained. If  such  ideas  can  be  quantiatively  formulated,  and  if  it  transpires  that 
they  fall  short  of  any  reasonable  expectation,  the  revolution  in  thought  necessary 
to  induce  peoples  and  governments  to  acknowlege  the  limits  on  man's  powers 
to  bend  nature  to  his  will  can  begin  to  occur,  and  we  .shall  start  thinking  about 
the  future  in  all  earnest. 

E.   J.   MiSHAN, 

London  School  of  Economics. 
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GROWTH  AND  SURVIVAL 

By  Robert  L.  Heilbroner 

IIFE  on  this  planet  is  a  fragile  affair,  a  kind  of  miraculous 
microbial  activity  that  flourishes  on  the  thin  film  of  air  and 
water  and  decomposed  rock  which  separates  the  uninhabit- 
able core  of  the  earth  from  the  void  of  space.  Over  most  of  man- 
kind's history,  the  existence  of  that  environment  has  always  been 
taken  for  granted,  and  human  efforts  have  been  devoted  to  "tam- 
ing" it — that  is,  to  altering  that  vital  film  in  various  ways  to 
assure  our  easier  survival.  Now,  with  stunning  suddenness  we 
have  come  to  the  realization  that  the  environment  is  not  to  be 
taken  for  granted  after  all — indeed  that  it  may  be  on  the  verge 
of  an  irremediable  deterioration.  For  if  the  calculations  of  a 
group  of  social  and  physical  scientists  are  correct,  it  will  take 
only  another  50  years  of  population  growth  and  economic  expan- 
sion at  present  rates  to  cause  a  collapse  of  our  life-supporting 
ambient,  bringing  mass  famine  in  some  areas,  industrial  break- 
down in  others,  a  drastic  shortening  of  lifespans  nearly  every- 
where. 

This  terrifying  scenario  stems  primarily  from  the  work  of  Jay 
Forrester  and  a  team  of  scientists  at  M.IT.  who  have  projected, 
by  means  of  computerized  models,  the  complex  interactions  of 
human  activity  and  the  environment.  The  models  form  the  basis 
for  two  clarion  calls  for  an  immediate  halt  to  the  destruction  of 
the  environment — "A  Blueprint  for  Survival,"^  signed  by  some 
30  eminent  British  scientists,  and  a  much  touted  and  widely  cir- 
culated book,  "The  Limits  to  Growth,'"  sponsored  by  The  Club 
of  Rome,  an  international  "invisible  college"  of  70  scientists  and 
specialists.  Essentially,  both  studies  tell  us  the  same  thing — that 
if  we  are  to  preserve  the  life-supporting  capabilities  of  our  all- 
important  film  of  air,  water  and  soil,  economic  growth  must  be 
brought  to  a  halt  as  rapidly  as  possible.  For  the  projections  on 
which  the  two  studies  rest  show  that  even  if  population  growth 
halts  within  two  generations,  even  if  we  discover  "unlimited" 
new  resources,  and  even  if  we  remove  three-quarters  of  the  pol- 
lution we  generate,  continued  industrial  growth  by  itself  will 

i"A  Blueprint  for  Survival,"  The  Ecologut,  January  1972. 

2  "The  Limits  to  Growth,"  by  D.  H.  Meadows,  D.  L.  Meadows,  J.  Randers  and  W.  W. 
Behrens  III.  New  York:  Universe  Books  (A  Potomac  Associates  Book),  1972. 
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still  bring  us  to  a  condition  of  "self-destruct"  within  the  lifetimes 
of  our  grandchildren.  Well  before  the  year  2100,  the  population 
of  the  earth  would  then  begin  a  period  of  decline  as  dramatic  as 
that  of  Europe  during  the  Black  Death,  but  unhappily  by  no 
means  so  short  in  duration. 

This  is  a  projection  so  overwhelming  in  magnitude  that  it  is 
difficult  to  confront  it  with  any  sense  of  detachment  and  balanced 
appraisal.  Indeed,  rather  than  detachment,  the  need  of  the  hour 
seems  to  be  a  call  to  arms — or  rather,  to  the  crash  program  de- 
scribed by  the  scientists  of  the  "Blueprint"  and  the  "Limits." 
Yet,  in  full  recognition  of  the  gravity  of  the  situation,  I  would 
propose  a  different  course.  In  the  end,  the  scenario  that  I  project 
is  no  less  sobering  than  that  of  the  anti-growth  school,  but,  as  we 
shall  see,  it  leads  to  a  very  different  strategy  for  our  times. 

II 

Let  me  begin  by  recapitulating  very  succinctly  some  of  the 
trends  and  facts  that  have  led  to  the  recent  impassioned  call  for 
a  halt  to  economic  growth.  The  first  of  these  is  by  now  so  familiar 
that  it  may  have  lost  its  power  to  shock,  but  it  must  nevertheless 
be  our  startir^  point.  This  is  the  fearsome  growth  of  population, 
increasing  at  a  rate  that  doubles  every  30  years.  Today  estimated 
at  3.5  billion,  world  population  is  pressing  toward  the  level  of 
28  billion  less  than  a  century  hence — I  say  "pressing,",  since  no 
estimate  that  I  have  seen  envisages  increases  in  food  production 
within  that  time  span  sufficient  to  feed  such  a  multitude. 

Of  course,  this  neglects  the  potential  braking  effect  of  birth 
control.  There  is  a  growing  consensus  that  demographic  increase 
can  be  brought  to  a  halt  in  the  industrialized  nations  by  the  year 
2CHD0;  and  there  is  the  possibility  that  net  reproduction  rates  can 
be  brought  to  zero  in  the  underdeveloped  world  (where  popu- 
lation is  still  doubling  every  18  to  20  years)  within  two  genera- 
tions. Unhappily,  because  so  much  of  the  population  in  these 
areas  is  under  child-bearing  age,  even  a  drop  to  zero  net  repro- 
duction rates — approximately  one  female  child  per  married 
couple — will  not  bring  total  population  growth  in  these  areas  to 
zero,  as  larger  and  larger  "cohorts"  of  children  will  continue  to 
reach  the  age  of  fertility  for  some  time.  At  best,  then,  demog- 
raphers estimate  that  we  will  "only"  have  to  cope  with  a  global 
population  of  15  billion  by  the  year  2060.  In  fact,  the  number 
may  be  much  larger. 
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The  population  explosion  brings  us  to  the  physical  problems 
of  the  carrying  capacity  of  the  earth — I  shall  leave  unmentioned 
such  essentially  social  problems  as  cancerous  urban  growth  or 
the  psychological  effects  of  overcrowding.  The  first  of  these 
physical  problems  is  that  we  will  simply  run  out  of  the  resources 
required  to  maintain  the  present  pace  of  industrial  expansion. 
Curiously,  this  is  not  a  problem  that  is  immediately  connected 
with  population  growth,  for  the  great  bulk  of  industrial  activity 
in  the  world  is  concentrated  in  the  advanced  areas  where  the 
demographic  problem  is  least  severe.  Industrial  expansion  in  the 
advanced  nations  is  today  growing  at  a  rate  of  about  seven  per- 
cent a  year — a  rate  that  doubles  total  output  every  ten  years.  If 
we  therefore  look  ahead  50  years,  it  is  probable  that  industrial 
output,  using  existing  techniques,  will  have  increased  by  the 
exponential  number  of  five — doubling  in  10  years,  quadrupling 
in  20,  octupling  in  30,  etc.  Anyone  familiar  with  the  power  of 
compound  interest  will  recognize  this  curve  as  one  whose  up- 
ward slope  becomes  ever  steeper. 

Can  we  feed  the  industrial  megamachine  that  these  projections 
indicate?  The  table  below,  on  which  the  anti-growth  school  bases 
its  case,  indicates  that  we  cannot. 

GLOBAL  RESOURCE  AVAILABILITi'^ 

Resource  '^'"' 

Aluminum 

Coal 

Copper 

Iron 

Lead 

Manganese 

Natural  Gas 

Petroleum 

Silver 

Tin 

Tungsten 

The  table  (based  in  the  main  on  estimates  of  the  U.S.  iBureau 
of  Mines)  makes  two  formidable  points.  First,  according  to 
existing  estimates,  there  are  not  enough  resources  to  allow  indus- 
trial expansion  to  continue  unhindered  at  a  compound  rate  of 
seven  percent  a  year  for  anything  like  50  years — much  less  a 
century — with  the  exception  of  a  few  items  such  as  coal  or  iron. 
Long  before  then,  the  exhaustion  of  first  one  and  then  another 

»  "The  Limits  to  Grovrth,"  p.  56-59. 


Years  availahle  at 
present  growth  rates 

Years  availahle  if 
resources  are  quintupled 

31 

55 

III 

ISO 

21 

48 

93 
21 

46 

173 
64 
94 

22 

49 

20 

50 

13 

28 

42 
61 

72 
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critical  resource  would  have  effectively  brought  the  trajectory 
of  growth  to  a  halt.  Thereafter,  the  M.I.T.  computerized  models 
show  industrial  output  abruptly  entering  a  period  of  steep  and 
prolonged  decline. 

Second,  the  table  reveals  that  even  very  large  increases  in  re- 
source discovery,  such  as  the  five-fold  enlargement  shown  in  the 
column  at  the  right,  add  only  disconcertingly  small  increments 
of  time  over  which  exponentially  growing  industrial  output  can 
be  maintained.  As  we  shall  see,  the  problem  of  the  astonishing 
rapidity  with  which  an  exponential  series  reaches  any  given  finite 
limit  appears  again  and  again  in  the  environmentalists'  drama. 
So  far  as  resources  are  concerned,  this  fact  contains  an  important 
warning  against  expecting  too  much  from  the  possibility  of  re- 
cycling scarce  materials  which,  like  the  discovery  of  new  re- 
sources, only  adds  a  finite  increment  of  new  resources. 

An  even  more  serious  aspect  of  the  industrial  growth  problem 
is  the  capacity  of  the  earth,  not  to  yield  up  the  needed  resources, 
but  to  absorb  the  residues  and  wastes,  the  harmful  products  and 
by-products  of  industrial  production — in  a  word,  its  ability  to 
withstand  the  effects  of  pollution.  "Pollution"  is  a  word  that 
covers  many  kinds  of  unwanted  direct  or  side-effects  of  economic 
activity.  There  are  pollutants  that  are  nuisances,  such  as  noise 
pollution  or  littering,  and  pollution  that  is  local  in  extent — Lake 
Erie  may  bei^'dead,"  but  its  corpse  is  confined  within  its  geo- 
graphic boundaries.  On  the  other  hand  there  is  pollution  that  is 
deadly,  such  as  radiation,  and  pollution  that  is  globally  diffused 
— for  example,  lead  spewed  into  the  air  by  American  and  Euro- 
pean cars  has  shown  up  over  the  last  30  years  in  a  three-fold  in- 
crease in  the  amount  of  lead  in  the  Greenland  icecap. 

It  is  the  second  class  of  pollutants  on  which  the  environmental 
scientists  focus  their  attention.  Many  examples  of  it  have  become 
familiar,  although  no  less  frightening  for  that  reason.  A  now 
famous  claim  is  that  most  mother's  milk  in  the  United  States 
contains  so  much  DDT  that  it  would  be  declared  illegal  in  inter- 
state commerce  if  it  were  sold  as  is  cow's  milk.  Less  widely  pub- 
licized, but  of  no  less  significance,  are  the  effects  of  nitrates  and 
phosphates  deposited  in  the  soil  by  chemical  fertilizers.  Nitrates, 
in  particular,  enter  the  water  supply  and  are  then  converted 
within  the  human  body  into  nitrites,  which  cause  infant  mortal- 
ity. Chemical  fertilizers  also  cause  soil  leaching  and  lead  to 
eutrophication  of  the  bodies  of  water  into  which  they  drain, 
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bringing  about  huge  algae  "blooms"  and  the  death  of  large 
marine  populations. 

Central  to  the  argument  against  economic  growth  is  that  these 
deadly  and  globally  diffused  pollutants  are  also  increasing  ex- 
ponentially, along  with,  and  as  a  direct  result  of,  exponential  in- 
dustrial growth.  We  shall  have  a  chance  later  to  examine  some  of 
the  presumptions  on  which  this  contention  rests.  But  there  is  no 
doubt  that  pollution  is  ultimately  the  mortal  enemy  in  the  eyes 
of  the  anti-growth  school.  For  there  are  certain  kinds  of  pollu- 
tion that  cannot  be  avoided,  short  of  the  most  far-reaching 
changes  in  our  industrial  technology,  and  one  kind  that  cannot 
be  avoided  by  any  known  or  imagined  technology. 

In  the  first  class  lies  the  polluting  effect  of  the  process  of  com- 
bustion, the  central  source  of  power  throughout  the  world  today. 
Combustion  is  a  term  that  describes  the  conversion  of  oxygen  into 
carbon  dioxide  in  the  process  of  "burning."  As  a  result  of  the 
massive  burning  by  which  the  industrial  mechanism  is  kept  op- 
erative (not  to  mention  that  which  supplies  heat  for  our  homes), 
the  amount  of  CO2  in  the  atmosphere  is  steadily  rising.  Extrap- 
olating from  present  trends,  we  can  predict  that  it  will  increase 
by  some  30  perceat  during  the  next  30  years.  Scientists  are  un- 
certain but  uneasy  about  the  effects  of  this  altered  composition 
in  changing  the  vital  heat-trapping  properties  of  the  atmosphere. 
Over  the  longer  run,  they  fear  as  well  the  slow  exhaustion  of  the 
oxygen  supply  itself.  Today  the  United  States  already  consumes 
more  oxygen  than  its  green  cover  can  regenerate.  This  is  a  pro- 
cess that  can  continue  for  a  very  long  time,  but  not  forever — 
especially  if  the  entire  world  were  to  attain  U.S.  levels  of  com- 
bustion per  capita. 

Even  more  portentous  is  the  problem  of  the  production  of  heat 
Inherent  in  the  production  of  energy  in  any  form  is  the  genera- 
tion of  heat.  Professors  Pirages  and  Ehrlich  have  recently 
warned  that  the  use  of  energy  on  an  American  per  capita  scale 
for  the  750  million  who  today  occupy  mainland  China  would  re- 
lease heat  in  certain  areas  that  could  lead  to  "major,  unpredict- 
able effects"  in  climatic  patterns.  If  we  scale  up  this  warning  to 
take  into  account  the  15  billion  who  may  inhabit  the  earth  in  an- 
other three  generations,  we  are  forced  to  contemplate  the  possi- 
bility that  an  American  standard  of  heat-generation  at  these 
population  levels  might  bring  an  environmental  disaster  com- 
parable to  the  onset  of  the  Ice  Ages. 
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III 


In  the  face  of  these  overwhelming  facts,  that  sense  of  detach- 
ment and  balance  of  which  I  spoke  earlier  is  not  easy  to  achieve. 
It  may  be  helpful  to  begin,  therefore,  by  considering  growth 
from  another  point  of  view — paying  no  heed  for  a  moment  to  its 
destructive  effects  and  emphasizing  instead  its  constructive  im- 
plications. 

This  brings  us  back  to  the  population  explosion  that  provided 
our  initial  point  of  entry  into  the  ecological  problem.  Given  the 
minimum  figure  of  15  billion  a  century  hence,  we  confront  a  hu- 
man problem  that  immediately  places  growth  in  a  wholly  new 
perspective.  For  it  makes  clear  that  any  effort  to  strive  for  zero 
growth  in  industrial  output  today  would,  in  effect,  be  a  decision 
to  deprive  the  forthcon^iag  population  of  its  ability  to  subsist. 
Such  a  decision  might  impose  a  very  rapid  "solution"  to  the  pop- 
ulation problem,  but  it  would  be  the  solution  of  starvation. 
Moreover,  since  most  of  the  prospective  population  of  the  com- 
ing generations  will  be  crowded  into  the  underdeveloped  areas, 
the  forecast  also  makes  it  clear  that  growth  in  industrial  output 
in  those  areas  must  take  place  faster  than  population,  if  the  bil- 
lions who  are  to  be  born  in  those  regions  can  ever  attain  a  stan- 
dard of  living  better  than  that  which  they  now  "enjoy."  At  least 
some  indication  of  the  magnitude  of  this  required  increase  can 
be  gained  in  comparing  the  GNP  per  capita  of  Portugal — hardly 
a  nation  known  for  her  high  material  standard  of  life — with  that 
of  the  backward  regions.  In  1966,  GNP  per  capita  in  Portugal 
was  $529;  in  East  and  Southeast  Asia  (excluding  Japan)  it 
was  $114;  in  sub-Saharan  Africa  (excluding  Rhodesia  and  the 
Union  of  South  Africa)  under  $100.  Thus  if  the  poorest  two- 
thirds  of  the  world's  prospective  population  are  not  merely  to 
subsist,  but  to  make  an  ascent  to  the  level  of  a  Portuguese  peas- 
ant, output  in  the  backward  lands  will  have  to  rise  about  12-  to 
15-fold — first  to  accommodate  a  probable  three-fold  increase  in 
sheer  numbers,  then  another  four-  or  five-fold  to  supply  each  of 
these  new  inhabitants  with  an  income  on  a  Portuguese  scale. 

Admittedly,  figures  such  as  these  must  be  treated  with  great 
caution.  Gross  national  product  is  a  very  inadequate  indicator  of 
human  well-being.  In  many  of  the  backward  lands  important 
improvements  could  be  made  in  the  quality  of  life  merely  by 
the  attainment  of  stable  and  just  governments  and  economic  sys- 
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terns,  the  Introduction  of  literacy,  the  vigorous  promotion  of 
public  health  measures  including  birth  control  and  the  repair 
of  nutritional  deficiencies.  These  changes  are  not  likely  to  be  re- 
flected in  changes  in  GNP  to  the  extent  that  increases  in  steel 
production  would  be,  even  though  their  importance  may  be  in- 
comparably greater  and  their  demands  on  the  environment  in- 
comparably less.  Therefore  the  need  for  growth  in  living  stan- 
dards must  not  be  assumed  inevitably  to  require  environmental 
damage. 

Yet,  with  all  these  caveats,  the  fact  of  a  relentless  burgeoning 
of  populations — and  the  hope  for  a  rise  in  their  material  con- 
sumption— makes  inevitable  the  need  for  very  large  increases  in 
physical  output.  Huge  additions  to  food  production,  textile  out- 
put and  simple  shelters  will  be  required  to  sustain,  much  less 
elevate,  the  prospective  billions  in  the  backward  world.  In  turn 
this  requires  the  output  of  vast  quantities  of  fertilizer,  of  steel, 
of  cement  and  bricks  and  lumber,  with  all  the  environmental 
problems  we  have  seen.  That  vast — although  somewhat  indeter- 
minate— increase  in  needed  output  provides  a  powerful  incentive 
to  rethink  the  desirability  of  "zero  industrial  growth." 

Now  let  us  add  to  it  the  demands  for  growth  stemming  from 
the  industrialized  world.  We  may  be  tempted,  of  course,  to  dis- 
pute the  moral  value^f  much  of  this  growth.  Do  we  need  more 
luxury  goods  per  capita?  Would  not  our  own  quality  of  life  be 
vastly  improved  by  increases  in  nonmaterial  "outputs,"  or  by  tlie 
redistribution  of  what  we  already  possess?  However  valid  these 
queries,  they  are  as  irrelevant  to  the  problem  of  the  environmen- 
tal challenge  as  questions  regarding  the  ''morality"  of  the  pro- 
jected population  increases  in  the  East  and  South.  What  we  are 
interested  in,  both  with  regard  to  population  and  industrial  out- 
put, are  the  levels  to  which  the  world  will  be  "pressing"  under 
the  enormous  inertia  of  its  present  social  forces.  Any  realistic 
appraisal  tells  us  that  just  as  there  will  be  vast  increases  in  pop- 
ulation if  that  population  can  be  kept  alive,  so  there  will  be  vast 
increases  in  industrial  output  if  that  output  is  attainable.  The 
question,  then,  is  whether  we  have  the  resources  and  the  absorp- 
tive capacity  to  allow  that  mounting  trend  of  industrial  output  to 
materialize. 

This  returns  us  to  the  question  of  basic  resources  whose  alarm- 
ing limitations  we  have  already  noted.  Do  those  limitations  mean 
that  potential  industrial  growth  will  be  throttled  by  resource 
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exhaustion,  just  as  potential  population  growth  may  be  curbed 
by  food  exhaustion? 

Before  we  leap  to  that  gloomy  conclusion,  we  must  reexamine 
the  table  itself — or  rather,  the  facts  on  which  the  table  rests. 
Here  the  first  important  consideration  is  that  those  "facts" — the 
basic  data  of  resource  availability — are  very  insecure.  With  the 
possible  exception  of  a  few  items  (such  as  natural  gas  within 
U.S.  continental  boundaries),  we  have  only  the  haziest  knowl- 
edge of  the  full  extent  of  the  resources  of  the  world.  Indeed,  the 
fact  that  for  the  past  many  decades  each  generation  has  ended  its 
period  of  growth  with  larger  amounts  of  "proved"  reserves  of 
many  resources  than  it  started  with  suggests  that  the  size  of  our 
"known"  reserves  is  mainly  determined  by  the  effort  we  invest 
in  looking  for  them.  In  the  Soviet  Union,  for  example,  the  huge 
Siberian  subcontinent  has  barely  been  prospected:  one  Russian 
economist  recently  estimated  offhandedly  that  it  contained  the 
wherewithal  for  "a  thousand  years"  of  Russian  resource  needs. 
So,  too,  the  South  American  continent  is  still  largely  terra  in- 
cognita, and  may  reveal  as  much  totally  unexpected  wealth  as 
did,  for  example,  the  rich  Alaskan  oil  slope  or  the  Libyan  oil 
fields,  both  vast  reservoirs  which  have  been  discovered  only  in 
the  last  deca^.  Thus  an  "optimistic"  estimate  of  the  availability 
of  resources  may  in  reality  not  be  five  times  the  present  estimates, 
but  ten  or  50  times.  This  does  not  rescue  the  world  f  rorn  the  prob- 
lem of  exponential  growth  per  capita,  but  it  defers  the  day  of 
reckoning  by  another  generation  or  two. 

Second,  it  is  necessary  to  take  into  account  a  technological 
reality  that  the  table  cannot  reflect.  This  is  the  substitutability 
that  exists  among  resources.  For  instance,  there  is  a  strong  like- 
lihood that  we  will  use  up  our  reservoirs  of  natural  gas  and 
petroleum  in  another  generation.  However,  the  table  does  not 
show  (nor  do  the  anti-growth  scientists  discuss)  the  possibility 
of  shifting  to  alternative  sources  of  fossil  fuel,  such  as  the  enor- 
mous reserves  of  oil  shale  the  world  possesses.  By  way  of  analogy 
we  should  recall  that  today  we  feed  our  steel  industry  with  low 
grade  ores  that  fifty  years  ago,  when  the  Mesabi  Range  was  still 
yielding  its  high-grade  ores,  were  not  even  considered  as  poten- 
tial "reserves."  Thus,  resource  substitution  also  defers  the  day  of 
reckoning  by  an  indeterminate,  but  possibly  quite  substantial, 
period. 

That  pushing-back  of  the  time  frontier  is  all-important  with 


221 


regard  to  the  resource  problem.  For  potentially  the  globe  has 
limitless  resources — limitless,  at  least,  in  reference  to  the  needs 
of  its  microbial  surface — in  the  minerals  lodged  into  its  rocks 
and  sea  water.  Given  enough  power,  which  nuclear  energy  now 
begins  to  promise  us,  we  could  literally  "melt"  the  rocks  and 
reconstitute  any  substance  by  synthetic  processes.  To  be  sure,  such 
processes  would  entail  the  processing  of  enormous  quantities  of 
seawater  or  granite,  with  associated  problems  of  disposal  and 
thermal  pollution.  But  from  the  point  of  view  of  sheer  bottle- 
necks of  supply,  the  long-term  future  holds  out  much  more 
promise  than  the  anti-growth  school  of  thought  reveals. 

The  basic  question,  then,  when  we  consider  the  ultimate  re- 
sources of  seawater  and  granite,  is  how  long  it  will  take  us  to 
achieve  the  power  and  the  techniques  needed  to  bring  these  al- 
chemic possibilities  into  actuality.  I  do  not  know  what  time  scales 
are  to  be  attached  to  these  objectives,  but  on  the  answers  will  de- 
pend the  rate  at  which  we  can  safely  use  up  "raw"  materials 
before  we  switch  to  synthetic  ones. 

If  the  scientific  consensus  is  that  fusion  power  is  improbable 
(we  know  it  is  not  impossible)  for  an  "indefinite"  period,  we 
shall  have  to  reconcile  ourselves  to  the  scale  of  resource  use  that 
is  compatible  with-  fission  power.  If  our  scientists  agree  that  cer- 
tain problems  of  synthetic  chemistry  will  take  us  "generations" 
to  solve,  then  we  shall  have  to  husband  carefully  those  substances 
whose  supplies  will  be  limited  to  the  amounts  we  can  recycle 
each  year  from  our  industrial  process.  Thus  the  resource  prob- 
lem hinges  finally  on  our  scientific  and  technological  capabilities. 
Judging  by  the  past  it  would  be  foolish  to  take  an  attitude  of  de- 
termined pessimism  before  these  capabilities.  For  if  there  is  one 
factor  that  ultimately  limits  our  growth  from  the  input  side,  it 
is  our  reservoir  of  knowledge  of  science  and  technology,  and  the 
exponential  curve  of  that  resource  soars  steadily  upward  without 
sign  of  limit. 

But  what  about  barriers  imposed  by  pollutants?  Here,  as  I 
have  said,  are  the  most  serious  of  the  limits  to  growth  put  forth 
by  the  M.I.T.  studies.  Yet  there  is  a  certain  arbitrariness  in  their 
treatment  of  pollutants.  The  models  showing  "collapse"  in  50  to 
100  years  make  the  "generous"  assumption  that  we  can  reduce 
pollution  by  a  factor  of  four.  Why  not  40  or  400?  At  this  critical 
juncture,  the  anti-growth  school  musters  no  evidence  at  all.  Yet, 
could  not  one  argue  plausibly  that  the  technology  of  pollution- 
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suppression  may  increase  its  effectiveness  exponentially,  along 
with  growth? 

In  the  end,  we  are  left,  to  be  sure,  with  the  long-run  problems 
of  carbon  dioxide  and  heat.  The  former  may  be  avoided  by  a 
shift  of  technologies  away  from  combustion  toward  nuclear  fis- 
sion or  fusion;  the  latter  remains  a  brooding  presence.  It  is  only 
fair  to  add,  however,  that  the  presence  is  uncertain.  The  mea- 
surements of  changes  in  the  temperature  of  the  earth's  ambient 
are  imprecise;  we  do  not  even  possess  very  accurate  knowledge 
of  the  relative  effects  of  man's  heat  pollution  compared  with 
nature's — there  are,  after  all,  volcanoes,  geothermal  springs  and 
currents,  the  steady  heat  input  of  solar  energy.  Thus,  while  there 
is  every  reason  to  be  cautious,  panic  is  hardly  indicated.  "The 
principal  defect  of  the  industrial  way  of  life  with  its  ethos  of  ex- 
pansion," begins  "A  Blueprint  for  Survival,"  "is  that  it  is  not 
sustainable."  In  the  end,  that  charge,  with  its  exponential  em- 
phasis, cannot  be  faulted.  That  end,  however,  is  still  probably 
far  distant.  The  question,  then,  is  what  to  do  about  it  now. 

IV 

The  authors  of  the  "Blueprint"  and  "Limits"  have  a  very 
clear  idea  of  what  to  do  about  it  now.  We  must  engage  in  an  all- 
out  effort  to  bring  about  zero  population  and  zero  industrial 
growth  as  soon  as  possible.  To  that  end,  every  technological 
means  to  reduce  waste,  expand  resource  availability  through  re- 
cycling, and  to  lower  pollution  must  be  vigorously  pushed.  But 
ultimately,  the  prime  requirement  is  the  attainment  of  a  society 
in  which  both  the  size  of  population  and  of  the  capital  stock  are 
stable.  In  a  word,  the  only  solution  for  ecological  equilibrium 
is  the  stationary,  growthless  state. 

This  is  a  very  curious  solution  for  two  reasons.  The  first,  to 
which  the  studies  pay  only  fleeting  heed,  is  that  a  "stationary" 
state — one  in  which  industrial  growth  had  ceased — ^would  not 
necessarily  be  a  society  in  ecological  balance.  This  is  because  a 
society  can  be  "stationary"  and  can  still  be  polluting  the  envi- 
ronment. Indeed,  under  the  assumptions  of  the  M.I.T.  model,  a 
stationary  state  will  still  asphyiciate  itself,  although  it  will  take 
somewhat  longer  to  do  it. 

Second,  a  stationary  state,  as  we  have  seen,  would  impose  fear- 
ful costs  on  the  populations  of  the  underdeveloped  world  and 
severe  institutional  strains  within  the  industrialized  world.  Sup- 
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pose,  however,  that  it  were  possible  to  go  on  growing — pro- 
ducing more  grain,  more  consumer  goods — ^without  adding  to 
pollution,  by  the  discovery  of  new  and  better  seeds,  or  cleaner 
production  processes.  Would  there  then  be  any  reason  to  deny 
more  food  and  more  consumer  goods  to  the  poor,  or  even  to  the 
rich?  I  can  think  of  none,  and  I  suspect  that  the  members  of  the 
anti-growth  school  cannot  either. 

A  very  important  conclusion  follows.  As  the  M.I.T.  models 
themselves  show,  it  is  not  "growth"  that  is  the  mortal  enemy,  but 
pollution.  The  program  of  the  ecologically  minded  scientist, 
therefore,  should  not  be  aimed  against  growth,  but  only  against 
pollution-generating  growth.  Any  technological  change  that  will 
increase  output  without  further  damaging  the  air  or  water  or 
soil,  any  technological  change  that  will  enable  us  to  increase  out- 
put by  shifting  from  a  less  to  a  more  abundant  resource  (again, 
without  an  increase  in  pollution),  represents  perfectly  safe 
growth,  and  should  be  welcomed  with  open  arms. 

This  emphasis  on  finding  "cures"  for  pollution,  resource  ex- 
haustion and  population  growth  clearly  puts  technology  in  the 
key  position.  To  this,  the  M.I.T.  scientists  reply  that  too  much 
reliance  on  technology  diverts  us  from  taking  "effective  action" 
on  the  problem  of  growth.  Does  it?  Let  us  assume  that  the  anti- 
growth  scientists  are  correct,  and  that  they  convince  their  col- 
leagues around  the  world  that  collapse  will  be  inevitable  within 
a  generation  or  two  unless  fully  corrective  measures  are  begun 
today. 

What  sorts  of  measures  would  these  be?  In  the  underdeveloped 
world,  we  would  certainly  require  the  imposition  of  compulsory 
birth  control  aimed  at  a  negative  net  reproduction  rate  (say  only 
one  child — not  one  female  child — per  family) ;  in  the  advanced 
countries,  stringent  measures  to  bring  immediate  zero  popula- 
tion growth.  In  the  underdeveloped  world,  we  would  have  to 
stop  the  green  revolution  with  its  agricultural  increases  bought 
only  at  the  expense  of  vast,  pollution-generating  fertilizer  inputs ; 
in  the  developed  world,  we  would  necessarily  anticipate  de- 
creases in  food  production  as  a  result  of  a  ban  on  chemical  fer- 
tilizers. Further  industrialization  might  perhaps  be  permitted 
in  the  neediest  countries — a  few  steel  mills  in  Asia  and  Africa; 
an  absolute  halt  to  capital  formation  would  be  necessary  in  the 
West. 

I  could  extend  the  list  of  particulars,  but  there  is  little  point 
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in  doing  so.  For  it  is  clear  that  the  imposition  of  such  a  program 
is  far  beyond  our  existing  political  and  social  capabilities.  What 
Asian,  African  or  South  American  leader,  confronted  with  all 
the  scientific  evidence  in  the  world,  would  endorse  such  a  pro- 
gram for  his  people  now?  What  Western  statesman  would  advo- 
cate a  program  of  immediate  asceticism  to  avert  a  disaster  that 
is  still  at  least  a  century  away? 

What  is  at  stake  here  is  more  than  the  obvious  resistance  that 
such  measures  would  encounter  from  existing  political  and  eco- 
nomic institutions.  It  is  also  a  matter  of  our  personal  willingness 
to  undergo  present  sacrifice  for  the  well-being  of  our  unborn 
progeny.  I  have  wondered,  for  example,  how  many  of  the  loo- 
odd  signers  of  the  "Blueprint"  and  the  "Limits"  have  sold  their 
automobiles  or  never  take  a  taxi?  I  wonder  how  many  have  dis- 
pensed with  all  unnecessary  gadgets  in  their  homes,  use  both 
sides  of  the  page  when  they  type  a  manuscript,  flush  their  toilets 
but  once  a  day,  and  generally  conduct  themselves  with  the  Spar- 
tan restraint  integral  to  a  program  of  economic  limitations  such 
as  they  urge? 

In  a  differently  constituted  society,  such  an  identification  with 
future  generations  might  be  possible.  It  is  not  easy  to  find  in  our 
own.  Of  course  I  know  that  a  beginning  has  been  made.  Some 
toxic  products  have  been  banned.  Anti-pollution  laws  have  been 
written.  A  concern  for  ecology  has  become  part  of  the  standard 
political  rhetoric.  But  measured  against  the  scale  of  action  de- 
manded by  the  anti-growth  scientists,  what  has  been  done  is  piti- 
fully inadequate.  Anti-pollution  measures  have  been  contested 
and  evaded  by  powerful  economic  interests.  The  determination 
of  family  size  has  been  declared  by  our  President  to  be  a  "per- 
sonal matter."  The  most  casual  inspection  of  cityscape  or  land- 
scape testifies  to  the  lack  of  concern  for  our  own  generation, 
much  less  for  coming  generations. 

The  problem  evaded  by  the  anti-growth  school,  in  other 
words,  is  how  to  mobilize  the  social  will — how  to  induce  us  to 
apply  existing  technologies  against  the  resistance  of  entrenched 
interests  and  ordinary  people  alike.  If  we  are  to  mount  a  response 
on  the  scale  they  propose,  I  suspect  there  is  only  one  way — by 
the  ghastly  appearance  of  the  initial  stages  of  ecological  disaster 
itself.  A  temperature  inversion  that  takes  the  lives  of  a  few  thou- 
sand people  in  New  York  or  Tokyo  may  lead  to  banning  cars  and 
smoke  from  those  cities;  a  horrifying  rise  in  infant  mortality 


225 


traceable  to  nitrate-based  fertilizers  may  bring  effective  bans  on 
chemical  additives  to  the  soil.  Short  of  such  terrible  stimuli,  I  do 
not  believe  that  the  pace  of  industrial  growth  will  be  signifi- 
cantly slowed  in  the  cause  of  environmental  safety  or  that  the 
overloading  of  the  environment  will  be  significantly  diminished. 
Thus  if,  in  the  end,  I  pin  my  faith  on  "technology" — meaning 
the  search  for  resource-extending  and  for  pollution-suppressing 
techniques,  even  if  they  remain  for  a  long  while  unused — it  is 
because  I  cannot  think  of  anything  today  that  is  more  likely  to  be 
useful  in  the  solution  of  the  problem  that  one  day  mankind  will 
have  to  solve. 


That  brings  us  finally  to  the  fundamental  problem  of  contain- 
ing within  a  finite  system  an  ever-mounting  volume  of  contam- 
inants. Here,  as  I  have  said,  the  scientists  are  right.  However 
"alarmist"  the  data  on  which  their  models  are  based,  however 
naive  their  call  for  social  change  on  a  scale  that  is  beyond  reach 
and  by  means  they  do  not  make  explicit,  one  cannot  fault  their 
assertion  that  the  exponential  curves  of  growth,  human  and  in- 
dustrial, will  sooner  or  later  overtake  the  finite  capabilities  of 
the  biosphere,  bringing  dreadful  declines  in  population  and  in 
the  quality  of  life.  I  have  suggested  that  the  period  of  grace  be- 
fore that  time  of  catas~trophe  and  collapse  may  be  considerably 
longer  than  they  project,  but  it  is  not  an  indefinite  period.  Sooner 
or  later  the  problem  must  be  faced. 

But  how  is  it  to  be  faced?  Let  me  try  to  answer  the  problem 
by  stressing  an  aspect  of  it  which  we  have  hitherto  ignored — the 
extent  of  the  institutional  changes  needed  to  attain  a  condition 
of  ecological  equilibrium.  Central  among  these  changes  will  as- 
suredly be  the  extension  of  public  control  far  beyond  anything 
yet  experienced  in  the  West,  Socialist  or  capitalist.  To  bring  en- 
vironmental stability,  the  authority  of  government  must  neces- 
sarily be  expanded  to  include  family  size,  consumption  habits, 
and  of  course  the  volume  and  composition  of  industrial  and  agri- 
cultural output.  In  a  word,  the  social  price  of  ecological  control 
is  a  vast  increase  in  the  scope  and  penetration  of  regulatory  au- 
thority, designed  to  enforce  the  necessary  zero-growth  behavior 
at  the  micro  level  on  which  our  collective  safety  will  depend  at 
the  macro  level. 

It  is  here  that  my  scenario  departs  most  strikingly  from  that 
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of  the  authors  of  the  "Limits"  and  the  "Blueprint"  and  the  anti- 
growth  community  in  general.  More  sanguine  than  they  about 
the  technological  possibilities  of  continuing  industrial  growth 
for  a  considerable  period,  I  am  far  more  pessimistic  about  the 
ease  with  which  such  a  social  transition  can  be  made.*  In  the 
West,  for  example,  surely  the  eventual  necessity  for  a  stabilized 
flow  of  output  (quite  aside  from  the  other  regulatory  interven- 
tions that  may  be  needed)  spells  the  end  of  the  mindlessly  self- 
aggrandizing  corporation  as  we  now  know  it.  Whether  capital- 
ism can  adapt  to  the  tensions  of  such  a  static  state,  in  which 
growth  no  longer  tempers  the  struggle  over  the  division  of  the 
social  product,  is  a  moot  question.  If  something  called  "capital- 
ism" does  survive,  it  will  surely  be  cast  in  a  very  different  mold 
than  it  is  today. 

Nor  is  the  prospect  an  easy  one  for  the  industrial  Socialist  na- 
tions. Ministries  as  well  as  corporations  find  the  ethos  of  growth 
both  exhilarating  and  socially  useful,  and  will  find  the  constraints 
of  a  growthless  state  much  more  cramping  than  those  of  an  ex- 
panding one.  Perhaps  more  fundamental,  socialism  has  always 
assumed  a  condition  of  "abundance"  as  the  precondition  for  the 
inauguration  of  a  "true"  Communist  society.  Given  the  con- 
straints of  ecc^gical  limits  that  cannot  be  safely  breached,  that 
ideological  premise  must  be  abandoned ;  and  the  institutions  and 
incentives  of  true  communism  re-thought. 

More  sobering  yet —  for  who  cares,  in  the  perspective  of  ulti- 
mate environmental  safety,  if  the  institutions  of  present-day  cap- 
italism or  socialism  disappear? — is  whether  global  requirements 
of  pollution  control  and  resource  conservation  can  be  imposed 
on — or  will  be  shattered  by — the  ferociously  guarded  boundaries 
of  "national  interest."  Indeed,  we  might  well  ask  whether  the 
approach  toward  the  ecological  disaster  point  will  encourage  the 
more  equitable  international  distribution  of  the  means  of  life, 
or  will  only  serve  to  fortify  the  resolve  of  favored  nations  to  pre- 
serve their  own  good  fortune  against  the  rest? 

Thus  the  ecological  problem  is  indeed  fundamental — but  in 
another  way  than  that  which  the  anti-growth  scientists  stress. 
Essentially,  their  dilemma  of  exponential  growth  and  finite  envi- 

*  The  authors  of  the  "Blueprint"  do  iDdeed  describe  a  kind  of  balanced  social  system  in 
■which  ecological  safety  is  maintained  by  carefully  planned  small  rural  communities.  Like 
all  Utopias,  it  is  a  joy  to  contemplate.  Alas,  like  all  Utopias  it  contains  not  a  word  as  to 
how  we  are  to  go  from  where  we  are  to  where  we  are  supposed  to  be. 
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ronmental  space  involves  problems  of  technology  that  will  be 
solved — or  will  not  be  solved — over  a  fairly  long  run.  But  much 
more  imm.ediate,  there  is  another  problem  in  the  social  changes 
that  will  have  to  be  begun  in  our  generation  and  carried  further 
in  the  next  generations  to  come.  The  "fundamental"  problem  is 
therefore  a  social  as  well  as  a  technical  one;  and  whereas  I  have 
indicated  some  reason  for  optimism  with  regard  to  our  technical 
capabilities  for  adaptation,  I  do  not  find  it  so  easy  to  be  sanguine 
with  respect  to  our  near-term  ability  to  bring  about  the  needed 
social  and  institutional  changes. 

But  that  very  fact  may  help  us  answer  the  question  with  which 
we  began  and  with  which  we  now  end :  how  is  the  environmental 
challenge  to  be  faced?  For  clearly  something  is  required  in  addi- 
tion to  that  "sense  of  detachment  and  balanced  appraisal"  of 
which  I  spoke  before.  This  additional  element  is  the  cultivation 
and  gradual  dissemination  of  a  changed  attitude  to  the  environ- 
ment— indeed,  to  life  itself :  an  attitude  based  on  a  wholly  new 
awareness  of  the  fragility  of  our  planet  as  a  life-supporting  ve- 
hicle. 

As  I  have  stressed,  it  would  be  foolish  to  expect  such  a  change 
in  attitude  to  manifest  itself  quickly  in  the  face  of  the  needs,  the 
desires,  and  the  institutional  inertias  of  our  time.  None  the  less  a 
beginning  can  be  macie — indeed,  is  being  made  by  the  very  argu- 
ments we  have  been  considering  in  this  piece.  In  becoming  aware 
of  the  hitherto  unsuspected  existence  of  a  crucial  environmental 
challenge,  we  feel  within  ourselves  the  first  stirrings  of  an  unac- 
customed view  of  the  human  future,  and  of  our  responsibility 
for  assuring  that  there  will  be  a  human  future.  Our  generation  is 
unlikely  to  solve  the  technical  problems  that  will  guarantee  the 
indefinite  viability  of  the  planet,  and  will  surely  not  solve  the  so- 
cial challenges  that  are  indissolubly  associated  with  mankind's 
survival.  But  in  the  startled  recognition  that  an  ultimate  ecologi- 
cal problem  exists,  it  can  set  the  stage  for  more  decisive  action  by 
generations  to  follow. 
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There  are  no  internal  affairs  left  on  our  crowded  Earth.     And  mankind's 
sole  salvation  lies  in  everyone  making  everything  his  business. 

Alexander  Solzhenitsyn 

We  are  travelling  together,    passengers  on  a  tiny  space  vessel,    tributaries 
of  vulnerable  resources  like  water,    air  and  land,    all  conjointly  responsible 
to  guarantee  our  safety  and  peace.      We  cannot  escape  from  annihilation  other 
than  by  the  care,    the  labor  and,    I  should  say,    the  love  which  we  dedicate  to 
this  fragile  vessel.      We  will  not  be  able  to  succeed  as  long  as  one  half  of  the 
crew  lives  in  wealth  and  the  other  in  misery,    as  one  half  exuberates  in    self- 
confidence,    whereas  the  other  lives  in  despair.  .  . 

Adlai  E.    Stevenson 

The  two  worlds  of  man  -  the  biosphere  of  his  inheritance,    the  technosphere 
of  his  creation  -  are  out  of  balance,    indeed  potentially  in  deep  conflict.     And 
man  is  in  the  middle.      This  is  the  hinge  of  history  at  which  we  stand,    the 
door  of  the  future  opening  on  to  a  crisis  more  sudden,    more  global,    more 
inescapable,    and  more  bewildering  than  any  ever  encountered  by  the  hun-ian 
species  and  one  which  will  take  decisive  shape  within  the  life  span  of  children 
who  are  already  born. 

Barbara  Ward  and  Rene  Dubos 

Our  present  society  is  based  materially  on  an  enormously  successful  technology 
and  spiritually  on  practically  nothing. 

Growth  had  become  synonymous  with  hope,    and  men  cannot  live  without  hope.  .  . 
They  unconsciously  repeated  St  Augustine's  prayer  :'Lord,    make  me  good, 
but  not  yet!'     Let  exponential  growth  continue  in  my  time   ! 

Dennis  Gabor 

The  greatest  crime  is  not  described  in  criminological  books:     it  is  geoci-ie, 
the  destruction  of  life,    of  the  biomass  of  the  Earth. 

Henri  Ellenberger 

The  cult  of  sovereignty  has  become  mankind's  major  religion.      Its  god 
demands  human  sacrifice. 

Arnold  J.    Toynbee 
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INTRODUCTION 


The  present  paper  has  been  written  at  the  request  of  the  Economic 
Committee  of  the  Parliamentary  Assembly  of  the  Council  of  Europe 
which  is  preparing  a  report  on  'the  limits  to  growth  controversy'  and 
wants  a  document  arguing  the  case  that  such  limits  do  exist. 

The  origin  of  the  controversy  the  Council  of  Europe  intends  to 
explore  is  a  200-page  book  entitled  The  Limits  to  Growth,    by 
Donella  H.    Meadows,    Dennis  L.    Meadows,    J^rgen  Randers  and 
William  W.    Behrens  III  (Universe  Books,    New  York,    1972),    brought 
out  in  English  last  March--and  in  many  other  languages  since--at  the 
conclusion  of  a  research  project  on  world  dynamics  commissioned  by 
The  Club  of  Rome  to  be  performed  by  MIT. 

We  feel  that  the  best  way  to  form  a  fair  judgment  on  an  issue,    a  thesis 
or  a  piece  of  work  is  to  place  it  in  its  proper  perspective.      This  we 
will  do  in  this  case.  In  doing  so,    we  will  take  the  viewpoint  of  The 

Club  of  Rome --which  by  the  way  cannot  be  identified  with  the  MIT 
project  or  any  other  project  it  may  sponsor  and  support.      This  broad 
approach  is  at  any  event    required  when  the  purpose  is  not  just  review- 
ing a  book,    but  interpreting  an  advanced  piece  of  research  and  its 
yields,    and  correlating  them  to  the  general  body  of  knowledge.      In  this 
instance,    this  procedure  is  the  more  necessary  because  the  research 
carried  out  at  MIT  between  July  1970  and  the    end  of  1971  was  not 
intended  to  be  a  one- shot  operation,   a  self-contained  project  that  can 
be  examined  and  assessed  focusing  only  on  this  book.      Whatever  the 
merits  or  demerits  of  the  first  study,    it  must  be  viewed  as  part  of  a 
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larger  project  The  Club  of  Rome  has  undertaken  to  develop  in  the 
course  of  a  few  years  on  The  Predicament  of  Mankind.     Its  overall 
objective  is  to  acquire  a  deeper  understanding  of  how  to  face  the 
multiple  problems  which  harass  human  society  at  this  turn  of  history- - 
and  which  are  due  to  growth  factors  only  in  part. 

Even  if  the  MIT  work  were  considered  in  isolation- -an  exercise  that 
would  however  leave  some  major  aspects  of  the  growth  issue  itself 
untouched--it  could  not  be  judged  by  concentrating  on  this  book  only, 
because  its  theoretical  and  methodological  foundations  and  their  first 
pragmatic  application  to  world  problems    are  to  be  found  in  another 
book,    Jay  W.    Forrester's  World  Dynamics  (Wright-Allen  Press, 
Cambridge,    Mass.,    1971).  In  it  Professor  Forrester,    the  originator 

of  the  'systems  dynamiics'   techniques  applied  earlier  to  industrial, 
urban  and  social  'microsystems',    explains  how  he  adapted  thenn,   at  the 
request  of  The  Club  of  Rome,    to  embrace  the  global  'macrosystem'. 

The  picture  would  be  likewise  grossly  incomplete  if  the  Technical 
Report  compiled  by  the  MIT  Work  Team  were  to  be  neglected.      We 
feel  sure  that  many  of  the  clarifications  requested  and  a  great  deal  of 
the  criticism  formulated  after  reading  the  limits  to  growth  book  will 
find  an  adequate  response  in  this  Technical  Report  of  upwards  of  900 
pages.      Earlier  incomplete  editions  of  it  have  been  circulated.       A 
complete  text  in  mimeograph  form  has  been  made  available  recently 
by  its  Authors  to  all  those  who  are  interested  in  analyzing  in  detail 
the  characteristics  of  the  model,    the  data  used  and  their  sources,    the 
interrelationships  adopted,    the  computer  runs  made,    or  other  technical 
aspects. 
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Furthermore,    a  number  of  ad  hoc  studies  were  carried  out  by  the  MIT 
Work  Team  on  specific  relevant  topics  in  parallel  with  the  major  project. 
Annex  A  contains  a  list  of  these  studies  which  may  be  obtained  from  the 
Work  Team,    while  a  more  complete  list  is  included  in  the  book  as  an 
Appendix.       We  would  reiterate  that  they  should  certainly  be  taken  into 
account. 

We  do  not  feel  competent  to  answer  the  questions  that  may  rennain 
unresolved  even  after  due  consideration  is  given  to  all  these  other 
documents,    and  believe  that  in  this  complex  matter  many  issues  are 
likely  to  remain  without  response  anyway,    or  are  points  on  which  opinions 
will  continue  to  be  divergent  or  contrasting.  We  would  however  suggest 

that,    with  a  view  to  reducing  this  area  of  uncertainty,    the  Council  of 
Europe  at  some  future  date  invite  Professors  Forrester  and  Meadows  to 
discuss  It  with  some  of  the  people  who  disagree  with  them. 

For  our  part,    we  are  pleased  about  the  lively  discussion  under  way  on  the 
growth  issue  generally,    and  consider  the  highly  emotional  reaction  to  the 
'limits'  report  the  best  indication  that  it  has  touched  a  nerve  centre.     At 
the   same   time,    it  is   very  important  to  our  mind  that  the  debate  on  this  key 
issue  should  not  descend  into  polemics  and  that  it  should  be  serious, 
thorough  and  in-depth- -which  unfortunately  is  not  the  case  with  many  of 
the  commentaries  we  have  so  far  seen.  Needless  to  say,    finally, 

the  interest  shown  in  it  by  top  political  and  highly  representative  bodies, 
and  foremost  among  them  the  Council  of  Europe,    is  most  welcome. 

We  are  deeply  indebted  to  various  mennbers  of  The  Club  of  Rome,   and 
particularly  to  Dr.    Alexander  King  and  the  other  members  of  its  £xecuiive 


234 


Committee  whose  ideas  have  been  used  in  this  paper.     And  we  share 
their  overall  evaluation  of  the  'limits'   report  given  in  their  Commentary 
included  in  the  book: 

"How  do  we,    the  sponsors  of  this  project,    evaluate  the  report?     We 
cannot  speak  definitively  for  all  our  colleagues  in  The  Club  of  Rome, 
for  there  are  differences  of  interest,    emphasis,    and  judgment  among 
them.       But,    despite  the  preliminary  nature  of  the  report,    the  limits  of 
some  of  its  data,    and  the  inherent  complexity  of  the  world  system  it 
attempts  to  describe,    we  are  convinced  of  the  importance  of  its  main 
conclusions.       We  believe  that  it  contains  a  message  of  much  deeper 
significance  than  a  mere  comparison  of  dimensions,   a  message  relevant 
to  all  aspects  of  the  present  human  predicament.  " 

However,    this  paper  represents  the  views  of  its  authors  only,    as 
individuals,    and  does  not  engage  any  other  person  or  any  group  or 
organization. 
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5. 


1.       The  Changed  Human  Condition 


1.  1  Man's  Ascent  and  Predicament 


For  millennia  man  has  struggled  upwards  from  mere  subsistence, 
and  throughout  this  period  technical  assets,    however  crude  and 
unsystematic,    have  helped  him  to  survive  in  hostile  environments. 
Fire,    the  wheel,    the  plough,    rudimentary  metallurgical  skills-- 
these  and  other  findings  of  great  consequences  led  toa  settled 
agriculture,    the  establishment  of  cities  and  the  emergence  of  a 
whole  series  of  craft  industries.         It  was  not  until  a  great  spiritual 
crisis  occurred,   however,    that  one  part  of  mankind,    Europe,    ceased 
to  be  absorbed  by  the  marvels  of  transcendentalized  hierarchies  and 
became  fascinated  instead  by  the  laws  of  nature. 

The  wish  to  know  soon  enough  became  amalgamated  with  a  now 
unhibited  drive  to  implement  the  possible.       This  formidable  mixture, 
which  we  call  technology  (so  very  un-Greek  despite  its  name),   was 
the  essence  of  the  industrial  revolution,   a  critical  point  in  man's 
development.  It  led  to  the  explosion  of  activity,    ugliness  and  wealth 

which  became  the  threshold  of  the  world  we  now  know  in  the  so-called 
developed  countries,    reaching  its  extreme  in  the  United  States. 
Natural  science--finally  recognized  in  the  esteem  of  society--paved 
the  way  to  a  whole  range  of  industries,   mechanical,    chemical  and 
electrical,    whose  products  are  commonplace  today  and  form  the  basis 
of  the  present  materialist  society  of  consumption  and  waste  which 
prevails  in  the  'Westernized'  part  of  the  Earth. 

At  the  same  time  the  majority  of  mankind,   living  in  the  remaining 
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regions,   although  involved  in  this  whirlwind  of  change,   has  only 
marginally  benefited,   but  mostly  suffered,   from  the  dominance 
of  technocratic  nations--whose  very  gifts  have  often  enough  turned 
out  to  be  poisoned. 

In  our  time,   advances  in  scientific  research  have  been  spectacular. 
The  immense  expenditures  allocated  to  it  in  all  industrialized 
countries  provide  a  rich  and  expanding  repository  of  knowledge, 
from  which  still  further  extensive  new  technological  development 
is  certainly  emerging,   with  enormous  but  dimly  perceived  conse- 
quences for  the   future  of  society.    We  must  recognize  the  outstanding 
success  of  science  and  technology   in  producing  an  upsurge  of 
prosperity  and  economic   growth  to  a  level  unprecedented  on  our 
planet;     it  has  augmented  and  enriched  our  food  supplies,    lengthened 
our  lives,   brought  health  to  millions,   and  provided  them  with  leisure. 
To  past  generations,    our  era  seen  from  this  angle    could  appear  as 
a  golden  age. 

But  science  and  technology,   with  all  their  advantages,   have  also  been 
the  main  contributors  to  the  complexity   of  the  modern  situation,    to 
the  extraordinary  growth  in  population  we  are  now  experiencing,    to 
pollution  and  the  other  unpleasant  side  effects  of  industrialization. 
We  have  no  wish  indeed  to  return  to  the  situation  of  a  few  centuries 
ago  when  population  growth  was  checked  by  starvation  and  disease; 
but  we  have  not  yet  learned  to  control  the  present.       And,   lacking  a 
clear  view  of  our  desired  future,    we  do  not  know  in  precisely  what 
direction  to  guide  the  enormous  force  which  scientific  and  techno- 
logical progress  represents- -a  force  which  has  the  potential  of 
progress  or  of  destruction. 
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At  this  point,    then,    of  near  attainment   in  man's  struggle  upwards 
from  poverty,   disease  and  the  enslavement  of  work,   disillusion 
and  doubt  have  crept  in.  We  begin  to  perceive  that  in  our  techno- 

logical society  each  advance  mcikes  man  more  impotent  as  well  as 
stronger,    each  new  power  gained  over  Nature  appears  to  be  a  power 
over  man  as  well.  Science  and  technology  have  brought  us  the 

threat  of  thermo-nuclear  incineration  as  well  as  health  and  prosperity, 
the  nightmare  of  ruthless  manipulation  of  human  genetic  material 
as  well  as  hope  for  overcoming  cancer.  Population  increase  and 

the  drift  to  the  cities  have  led  to  new  types  of  poverty  and  imprison- 
ment in  a  squalid  urbanism,    often  culturally  sterile,    noisy  and  de- 
grading. Electricity  and  motive  power  have  lessened  the  burden 
of  physical  work  but  have  leaked  away  satisfaction  in  such  work.      The 
automobile  has  provided  freedom  of  movement  but  also  led  to  fetishism 
for  machines  as  well  as  cluttering  and  contamination  of  the  cities. 
The  unwanted  aftermath  of  technology  (or  rather  technolatry)  is  all 
too  obvious  and  constitutes  a  threat,    which  could  become  irreversible, 
to  our  natural  environment;     individuals  are  increasingly  alienated 
from  society,    and  reject  authority;     crime  and  delinquency  are  on  the 
increase;     faith  is  on  the  decline,    not  only  in  religion,   which  has 
sustained  man  for  centuries,    but  also  in  the  political  process  and  the 
efficacy  of  social  reform.  And  all  these  difficulties  seem  to  be 
growing  with  affluence. 

Therefore,    although  emphasis  is  still  on  the  desirability  of  increasing 
production  and  consumtion,    in  the  most  prosperous  nations  there  is 
a  rising  feeling  that  quality  is  draining  from  life- -and  the  foundation 
of  the  whole  system  is  being  questioned.       At  the  same  time,    the 
situation  in  the  less  developed  regions  of  the  world  is  still  more 
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preoccupying.     Here  the  contrasts  are  even  sharper,   between  the 
expectations  raised  by  the  magic  of  modern  technology  and  the 
small  share  (if  any)  these  populations  can  glean  of  a  progress  which 
elsewhere  seems   so  glittering.      Thus,    in  the  wake  of  scientific  and 
technological  development,    intolerable  psychological,   political, 
social  and  economic  gaps  have  appeared,   which  oppose  the  'haves' 
and  the  'have-nots'  of  the  world.  Further  aggravation  of  this 

state  of  affairs  would  make  political  explosions  inevitable. 

What  is  in  fact  wrong  is  that  man  has  been  so  intoxicated  by  his 
newly  acquired  capacities  that    he  grossly  misuses  and  abuses  them. 
Lured  by  the  mirage  of  unending  progress  and  growth,   he  has  forfeit- 
ed spiritual,    ethical  and  generally  non-material  values,    busily 
concentrating  his  best  energies  on  creating  a  man-made  world  for 
his  material  comfort. 

It  is  remarkable  that  the  strangely  intractable  and  elusive  problems 
with  which  men  everywhere  are  confronted--from  the  crisis  of 
institutions  to  bureaucratization,    from  uncontrollable  urban  spread 
to  alienation  of  youth,    from  increasing  rejection  of  the  value  systems 
of  our  society  to  inflation --have  three  characteristics  in  common,   in 
spite  of  their  seeming  diversity.      Firstly,    they  have  worldwide 
dimensions  or  impact,   and  appear  at  certain    levels  of  developnnent 
in  all  countries  irrespective  of  the  social  and  political  systems   in 
force.  Secondly,    they  are  complex  and  multivariant  with  technical, 

social,    economic  and  political  elements.  Finally,    they  interact 

strongly  among  themselves  in  a  manner  we  do  not  yet  fully  understand. 

It  is  this  intertwined    clustei  of  problems  which  The  Club  of  Rome 
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terms  the  Problematique.       The  interrelations  are  so  basic  and 
have  become  so  critical  that  it  is  no  longer     possible  to  isolate  any 
single  major  issue  from  the  tangle  of  the  problematique  and  deal 
with  it  separately.  To  attempt  this  only  increases  the  difficulties 

in  other  and  often  unexpected  parts  of  the  mass.  For  the  same 

reasons,    no  nation,   not  even  the  biggest,    can  hope  to  solve  its  own 
problems  if  those  threatening  the  global  system  remain  unresolved. 
Our  customary  methods  of  analysis,  our  approaches,   policies  and 
governmental  structures,   all  fail  when  faced  with  such  complex 
situations.       We  do  not  even  know  whether  and  what  unwanted,   mediate 
or  indirect,  consequences  may  be  provoked  by  our  alleged  'solutions'. 

This  then  is  The  Predicament   of  Mankind:     we  can  perceive  the 
individual  symptoms  of  the  profound  malaise  of  society,    yet  we  are 
unable  to  understand  the  significance  and  interrelationship  of  its 
myriad  components,    or  diagnose  its  basic  causes,   and  hence  are  at 
a  loss   to  devise  appropriate  responses. 


1.  2         M^H'j  Jl5l!y_?L°l£ 

Confronted  with  this  baffling  and  threatening  problematique,    society 
is  hard  put  to  to  adapt  to  it,   and  shows  symptoms  of  a  collective 
syndrome  manifesting  itself  in  neurotic  if  not  psychotic  behaviour, 
ranging  from  impulses  of  reckless  consumption  to  drug  addiction, 
from  unreasonable  aggression  and  violence  to  the  fatalistic  depres- 
siveness  of  those  who  see  inevitable  doom.      Only  recently  it  is 
dawning  on  people  here  and  there  that  human  society  is  facing  a 
serious  crisis  in  its  evolution  which  may  even  affect  the  destiny  of 
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the  species,   and  this  generates  a  newly-won  human  solidarity 
which- -while  still  dispersed--tends  to  overarch  our  traditional, 
national,   ideological  or  racial  divisions,    recognizing  the  basic 
oneness  of  mankind.      The  tackling  of  the  predicament  however 
needs  a  powerful  rational  superstructure. 

Man's  condition  has  fundamentally  changed  in  his  world;  and  now 
he  is  called  to  fulfil  a  new,    cybernetic  role  in  it.      On  the  one  hand, 
he  has  reached  such  a  dominant  position  in  the  ecosystem  that  he  is 
compelled  to  take  upon  himself  regulative  and  normative  functions 
heretofore  left  to  the  inscrutable  designs  of  Nature  or  Providence-- 
which  requires  of  him  exceptional  new  qualities  of  'ecological 
wisdom',  both  words  being  employed  here  in  their  broadest  meaning. 
On  the  other  hand,    he  has  created  such  an  intricate  and  integrated 
human  system  that  its  regulation  and  functioning  cannot  any  longer 
be  trusted  to  automatic  mechanisms --man  must  manage  himself  his 
system,   developing  hitherto  unimaginable  qualities  of  'socio-political 
wisdom'.     Such  novel,   all-embracing  wisdom  is  far  more  innportant 
than  any  new  technological  breakthroughs;    for  man  has  made  of 
himself  the  major  agent  of  change  in  the  world,   and  what  will  occur 
in  it  in  the  decades  and  centuries  to  come  depends  on  how  wisely  he 
uses  his  immense  power.  "His  role,   whether  he  wants  it  or  not"-- 

says  Julian  Huxley--"is  to  be  the  leader  of  the  evolutionary  process 
on  Earth,    and  his  job  is  to  guide  and  direct  it  in  the  general  direction 
of  improvement".         In  a  word:    man  has  to  realize  his  responsibility 
of  the  truly  'cybernetes' ,    the  pilot  and  helmsman,    governor  of 
'Spaceship  Earth' --which  at  present  is  drifting  along  dangerously. 
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This  is  the  challenge  to  our  generation.  The  longer  we  hesitate 

in  recognizing  it,    the  more  reduced  the  options  become  for  us  and 
the  next  generations.  Probably,    the  first  effort  has  to  be  of  a 

philosophical  and  intellectual  character.         With   respect  to  our 
environments,   we  must  prepare  for  self-restraint  and  self- 
discipline,   and  direct  our  knowledge  and  technology  rather  towards 
protecting  Nature  and  the  other  forms  of  life  than  over-exploiting 
them,    as  well  as  managing  the  use  and  conservation  of  the  world's 
patrimony  of  soil,   water,   air  and  geological  deposits.     In  the  social, 
political  and  economic  order,   we  must  see    the  collective  good  take 
precedence,    and  individual  initiative  and  profit,    even  freedom, 
become  subordinate;    and  substitute  for  the  fatal  ideal  of  national 
sovereignty  and  closed-circle  interests  that  of  a  hierarchy  of  inter- 
dependent   human  groupings  or  systems,    where  the  requirements  of 
the  higher  levels  come  first,   and  at  the  top  are  the  requirements  of 
the  world  system.       And,   more  generally,    we  must  accept  the  rule 
that  expansion  or  benefit  in  sonne  area  or  field  usually  requires  a 
counterbalancing  reduction  or  sacrifice  elsewhere,    now  or  in  the 
future,   and  that  we  had  better  plan  these  trade-offs,    even  when  they 
are  painful,    than  leave  them  to  chance. 

Altogether  new  rational  approaches  have  to  be  developed  if  we  are 
to  assume  the  cybernetic  role  necessary  to  guide  our  fortunes  in 
the  decades  and  centuries  to  come.      This  forward  thinking  and 
planning  has  to  be  more  than  just  the  sum  of  singular  projections 
into  the  future  in  a  number  of  important  fields --such  as  the 
economy,    security,    education,    or  science  policy.      To  meet  the 
world's  reality  and  problematique  on  their  own  terms,    our  rationale 
has  to  match  their  dimensions  with  an  approach  that  must  be,   at 
the  same  time: 
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Systemic,    in  order  to  envision  and  analyse  not  individual 
issues,    but  the  clusters  of  systems  into  which  human  activities 
and  expectations  are  channelled,    their  interrelationships  with 
the  natural  environment,   and  the  maze  of  problems  which  derive 
from  their  multiple  cross  impacts. 

Global,    or  system-wide.        Since  many  key  issues  have  become 
so  large  as  to  exceed  national  or  regional  bounds,   this  means 
worldwide.      Our  'spatial  horizon'  cannot  be  narrower  than  the 
consequences  of  our  actions. 

Diachronic  (the  parametric  extension  of  the  systemic  dimension 
into  time).  Our  'temporal  horizon'  should  embrace  all  moments 
during  the  whole  period  of  the  possible  consequences  of  our  actions. 

And  finally,    normative,    or  goal-oriented.      Setting  long-term 
global  goals,    both  feasible  and  acceptable  to  the  entire  mankind 
is  the  most  difficult  challenge,    but  it  is  the  most  vital  as  well  at 
this  point  in  man's  evolution. 

Without  an  urgent,    intensive  acculturation  to  update  and  upgrade  our 
value  system,    this  Copernican  revolution  of  hearts  and  of  minds 
cannot  occur.       We  will  be  unable  to  fulfill  our  inescapable  role,   and 
remain  prisoners  of  our  prejudices,    taboos,    and  motivations  of  other 
ages,    our  cultural  bases,    our  thinking  and  behaviour  utterly 
inconsistent  with  our  new  condition  and  power.       This  vicious  circle 
can  but  end  in  disaster- -and  must  be  broken  before  it  is  too  late. 
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The  Club  of  Rome:  Purpose  and  Action 

2.  1  P£.ij;iJL?Jld_^^j.®5iiiy£?_ 

One  has  to  bear  in  mind  the  preceding  evocation  of  man's  actual 
predicament  and  the  vision  of  his  new  role  to  understand  the  climate 
that  produced  The  Club  of  Rome- -and  consequently  the  study  on  the 
limits  to  growth.     The  starting  point  was  some  conversations  held  in 
1967  in  Paris,   which  led  to  the  decision  to  call  together  in  April  of 
the  following  year  at  the  'Accademia  dei  Lincei'  in  Rome  a  group  of 
Western  European  intellectuals  and  scientists  to  discuss  the   world 
problematique.  The  meeting  was  made  possible  by  financial 

support  fronn  the  Agnelli  Foundation.  At  the  end  of  the  meeting,   a 

few  of  the  participants  decided  to  continue  the  discussions  in  a  widened 
circle  and  named  their  group  The  Club  of  Rome  after  the  place  of  its 
initiation. 

At  present,    the  Club  comprises  some  eighty  members,    including 
scientists,   humanists,    economists,    educators,    civil  servants  and 
industrialists.  Although  its  total  membership  is  limited  to  one 

hundred,    it  is  being  selected  to  include  representatives  of  a  wide 
variety  of  cultures  and  value  systems;     and  although  none  of  them  is 
involved  in  current  political  decisions,    nor  has  the  Club  as  a  whole 
any  ideological,   political  or  national  commitments,    together  they 
have  access  to  decision  makers  and  possess  great  stores  of  infor- 
mation and  knowledge  to  draw  upon.      These  individuals  of  widely 
different  experience  and  origin  have  one  conviction  in  common:     that 
the  problems  now  facing  mankind  are  of  such   complexity  and  inter- 
relationship that  traditional  policies  and  institutions  are  no  longer 
able  to  cope  with  them. 
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The  Club's  objectives,    including  both  research  and  action,    are 
grouped  in  a  wide-ranging  project  called,    after  the  situation  it  wants 
to  meet.    The  Predicament  of  Mankind.       It  is  directed  at: 

=        Acquiring  and  diffusing  a  real  in-depth  understanding  of  the 

critical  state  of  human  affairs  and  the  narrowing  and  uncertain 
prospects  for  the  future,    and  thus  creating  a  climate  for  action 
with  the  more  responsive  world  public  opinion  and  decision 
makers; 

=        Recognizing  and  proposing  new  policy  guidelines  and  organizational 
patterns  to  manage  the  human  lot  more  intelligently  in  the  future. 

Due  to  the  Club's  nature  and  dimensions,    its  action  can  be  only 
catalytical.      The  'limits'  research  is  its  first  major  manifestation. 

2.  2  Need  for  Dee£e^JJnd£r_s_taji^in_g_ajid  J^_ewj3c^^ 

After  its  formation  in  1968,    The  Club  of  Rome  devoted  the  first  two 
years  mainly  to  establishing  contacts  with  key  scientific,    industrial 
and  political  circles  in  many  parts  of  the  world- -from  Moscow  to 
Washington,    from  Tokyo  to  Ottawa  and  Rio,    and  in  Europe.      Its  opinion 
that  the  problems    of  modern  society  were  growing  and  becoming  more 
intractable,    with  the  risk  that  the  situation  in  many  societies  might 
get  out  of  hand,    was  widely  shared;    but  generally  these  high-placed 
personalities  seemed  to  consider  themselves  powerless  or  were 
unwilling  to  do  anything  about  it.       Many  others,    engrossed  in  reaping 
short-term  benefits,    had  a  carpe  diem  attitude,  or  just  hoped  that 
something  would  sometime  turn  up  and  set  everything  right  again.    As 
a  matter  of  fact,    the  repeated  and  pressing  exhortations  of  U  Thant, 
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of  the  World  Coxincil  of  Churches,   the  Pope  and  other  moral  and 
spiritual  leaders,   and  even  the  protests  of  youth  had  so  far  succeeded 
in  but  barely  denting  the  Olympian  official  conviction,   or  wishful 
thought,    that  mankind  is  on  a  basically  satisfactory  cour8e--which 
just  needs  an  odd  correction,   here  and  there. 

One  clear  demonstration  of  the  ineffectiveness  of  this  hortatory 
method  is  the  pathetic  and  urgent  'Menton  Message'  addressed  by 
2200  environmental  scientists  from  23  countries    to  warn  their  three 
and  a  half  billion  neighbours  on  planet  Earth  of  the  unprecedented 
common  dangers  facing  mankind.     This  cry  of  alarm  went  practically 
unheeded.     Another  example  of  meagre    yields  is  provided   by  the 
United  Nations  world  conferences  on  matters  of  great  import.     Such 
are  the  UNCTAD  conferences,    the  third  of  which  was  held  this  year 
in  Santiago,   and  the  Stockholm  Conference  on  Man  and  His  Environ- 
ment which  followed  on  its  heels.     Nor  are  expectations  high,    either, 
for  the  1974  Conference  on  Population,    which  may  well  become 
another  grand  arena  for  mass  rhetoric  and  power  politics,   leaving 
this  cardinal  issue  more  obscure  and  controversial  than  before. 

Clearly,    the  inertia  keeping  society  on  the  present  course  is  a 
formidable  force.       Other,   more  powerful  and  comprehensible  tools 
of  communication  and  conviction  than  those  now  used  were  necessary 
if  world  public  opinion  and  policy  makers  were  to  be  moved  --tools 
which  would  reflect  the  inherent  complexity  of  the  message  The  Club 
of  Rome  wants  to  put  through,    and  yet  have  a  strong,    lasting  impact 
on  people's  hearts  and  minds. 

Professor  Jay  W.    Forrester  of  MIT,   participating  in  the  Bern  meeting 
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of  the  Club  in  1970,    thought  that  he  could  forge  one  such  tool  by 
upgrading  his  'systems  dynamics'  techniques  already  successfully 
utilized   to  simulate  and  analyze  large  and  complex  social  problems 
in  the  urban,    regional  and  corporate  spheres,   and  make  them 
applicable  to  nothing  less  than  the  entire  world  system.     His  proposal 
was  accepted,    the  Volkswagen  Foundation  generously  made  financial 
provision  for  the  project,   and  a  team  of  scientists  under  the  leader- 
ship of  Professor  Dennis  L.    Meadows  was  constituted. 

It  is  the  report  of  this  team,    published  in  March  1972  under  the  title 
of  The  Limits  to  Growth    and  the  debate  it  has  triggered  off,   and 
which  reverberates  in  all  parts  of  the  world  .that  we  are  trying  to  put 
into  perspective   in  this  paper. 


3.       The  Research  Project  at  MIT:    A  First  Step 

3.  1  Its  Chai^^tej;jind2^r^_e£ent  J^_i^mitatiqns 

As  already  mentioned,    this  first  research,    undertaken  at  MIT, 
is  a  study  of  world  dynamics,    namely  the  trends  and  the  cross 
impact  of  some  critical  and  quantifiable  factors  which  characterize 
modern  society:     poptilation  growth,    food  production,    industrialization, 
natural  resources  depletion,   and  pollution.      It  essentially  explores 
the  effects  of  the  interaction  of  the  growth  modes  of  these  variables, 
which  miutually  influence  and  often  reinforce  one  another.     And,    even 
if  what  it  can  do  is  but  a  first  assessment  of  the  combined  results 
of  these  growth  trends,    the  MIT  study  conveys    in  effect,   and  for  the 
first  time,    a  panoramic  view  of  the  world's  workings- -which  could 
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never  have  been  obtained  by  making  a  separate  analysis  of  each  of 
these  interlinked  elements.     It  is  worth  noting  in  this  regard  that, 
as  the  demonstrative  effect  of  the  project  was  deemed  necessary  at 
the  earliest  date  possible,    only  the  factual  information,    forecasts 
and  computer  techniques  available  were  used,    without  embarking  on 
research  in  these  areas. 

When  The  Club  of  Rome  asked  MIT  to  make  this  analysis  of  world 
dynamics,    the  aim  pursued  was  essentially  to  show  in  a  comprehensive 
and  comprehensible  way  what  futures  might  stem  from  the  present 
according  to  current  behavioural  modes,    inherent  time  constants, 
perception  of  problems  and  'classical'  remedies. 

The  project  was  thus  expected  to  be,   and  substantially  is,    a  description 
of  the    present  dynamic  situation  and  the  outcomes  which  are  inherent 
in  and  consequential  to  it--if  mankind's  main  course  is  not  substantially 
changed.  In  other  words,    the  MIT  study  was  not  intended  to 

indulge  in  predictions,    to  be  itself  a  piece  of  futurology,    an  attempt 
to  draw  likely  scenarios  for  the  world  or  any  part  of  it  at  any  time  in 
the  future. 

At  the  same  time.    The  Club  of  Rome  was  aware  that  the  research 
would  probably  conclude  with  a  very  serious  warning  that  unless  a  great 
change  of  direction  does  occur,    mankind  is  heading  towards  a  series 
of  grave  crises--possibly  of  unprecedented  dimensions,    as  is  every- 
thing today  with  respect  to  the  past,    and  will  be  even  more  so  in  the 
future  with  respect  to  today.      But  it  was  clear  from  its  inception  that 
the  MIT  projections  could  and  should  not  try  to  anticipate  how,    where 
and  when  these  crises  would   happen,    or  what  their  sequence  and 
aftermath  could  be. 
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Since  the  MIT  research  is  then  explorative,   not  even  predictive, 
even  less  can  it  be  prescriptive.     The  whole  of  the  project  is  an 
invitation  to  think  where  the  present  world  dynamics  may  lead  us, 
and  it  is  a  means  to  arouse  our  awareness,   a  cry  of  alarm  nnaybe, 
but  certainly  not  an  instrument  for  planning  or  decision-making 
proper.     This  nature  and  scope  of  the  project  could  not  eliminate    • 
a  certain  degree  of  subjectivity  on  the  part  of  the  Work  Team- -a 
subjectivity   which,   we  feel,   is  no  greater  than  that  which  character- 
izes the  mental  models  on  which  human  decisions  are  currently 
based.     It  is  true  that,  confronted  as  they  were  day  after  day  with 
the  evidence  emerging  from  the  study  that  continuous,   indefinite 
growth  would  lead  to  disaster  within  a  few  generations  in  spite  of  all 
innaginable  orthodox  measures,   the  MIT  Work  Team  did  express 
opinions  as  to  the  necessity  to  guide  the  human  system  away  from 
the  present  growth  stance  to  a  'situation  of  equilibrium'.     But  it 
would  be  naive  to  infer  that  these  preliminary  philosophical  and 
general  considerations--which  the  signatories  on  the  whole  share-- 
are  in  themselves  normative,   nannely  that  they  contain  precise  norms 
for  action. 

In  spite  of  the  limited  scope  of  the  MIT  project,   many  of  its  support- 
ers or  adversaries  have  tried  to  read  into  it  much  more  than  it 
actually  is.     Let  us  then  repeat  that  this  is  a  pioneering  exploration 
along  a  new  road  in  search  of  vantage  points  from  where  a  reasonably 
comprehensive  overview  of  man  and  his  world  can  be  obtained;    and 
that  to  gain  a  first  foothold  on  it,    it  was  expressly  decided  not  to 
invest  time  and  energy  to  improve  the  existing  modelling  techniques  or 
to  correct  the  uneven  and  often  biased  body  of  data  available.       To 
position  this    pilot  project  correctly  in  perspective,   one  can  liken  it  to 
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the  early  attempts  of  those   pioneers  who  at  the  beginning  of  this 
century  demonstrated  that  man  could  fly.         Now  this  project  has 
tried  to  demonstrate  that  man  can  have  a  universal  view  of  self  and 
Earth- -and  according  to  our  judgnnentit  has  succeeded.     The  age  of 
aviation  started  some  sixty  years  ago.     That  of  global  thinking  in 
operative  terms  is  probably  starting  now. 

In  the  general  strategy   to  approach  effectively  the  world  problematique, 
the  MIT  undertaking  can  be  considered,    functionally,   as  a  commando 
operation.         It  was  aimed  at  breaking  a  stalemate  situation  and 
transforming  it  into  one  of  dynamic  debate  as  a  prelude  to  action. 
The  Club  of  Rome  thought  that  one  could  not  wait  four  or  five  years 
to  have  the  study  refined  in  every  detail  or  supported  from  an  important 
body  of  academic  consensus  before  presenting  its  rough  conclusions 
to  world  public  opinion.     The  incredibly  wide  diffusion  of  the  report- - 
in  some  twenty  languages --and  even  the  bitterness  and  acrimony  of 
the  current  debate  show  that  this  has  been  a  good  short  cut.      We  will 
examine  later  on  the  importance  of  this  initial  impact,   and  how  it  can 
be  exploited. 


3.  2         Surnmary_of_Ba8i5_A8_sjimpUons_ajidJ^^ 

The  objective  of  this  paper  is  not  to  restate  the  findings  of  the 
'limits'  report.     For  self-explanatory  reasons,   however,   and  in 
order  to  facilitate  the  reader  in  judging  seriously  the  degree  to 
which  the  antitheses  and  counter-arguments--reviewed  in  the  next 
chapter  and  in  Annex  B--are  relevant  or  not,   a  glimpse  of  the  main 
assumptions  adopted  in  the  model  and  of  the  general  conclusions  is 
given. 
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As  a  preliminary  remark  one  should  note  that  essential  elements 
of  a  physical  character  only  (e.  g.    food,    raw  materials,    energy, 
ecology)  and  social  factors  (e.  g.    peace,    social  stability,    education, 
research,   employment)  influencing  them  were  considered.     The  basic 
and  more  elusive  anthropological  aspects  of  the  human  predicament 
were  not  taken  into  account,   as  they  call  for  much  more  systematic 
treatment  and  special  studies,   which  no  doubt  are  going  to  expand 
and  deepen,   and  probably  also  modify„the  vistas  offered  by  this  first 
research. 

4 

In  the  various  model  runs,   assumptions  of  different  degrees  of 
severeness  were  employed.         However,    since  it  is  frequently  said 
that  over-pessimistic  hypotheses  only  were  chosen,   we  want  to  dispel 
such  misgivings  by  listing  below  the  most  optimistic  assvimptions 
used  in  the  study,   and  then  some  of  the  model  responses.       Here  are 
these  assumptions: 

Food 

=        Exploitation  of  all  arable  land  is  considered  possible  (regardless 
of  soil  erosion,    city  growth,    etc.  ). 

=        Quadrupling  of  present  productivity  is  assumed,    each  doubling 
in  about  30  years. 

=        Sufficient   fresh  water  is  supposed  available  (though  this  is  one 
of  the  biggest  bottlenecks  already  now). 

Resources 

=        Energy:    unlimited  (^) 


(1)      Even  if  Alvin  Weinberg's  prospects  of  using  nuclear  reactors  for  all 

energy  needs  were  feasible  from  the  fuel  supply  standpoint,    the  pollution 
hazards  would  be  frightening:    imagine  24,000  reactors  in  operation, 
each  six  times  the  biggest  size  used  today,   with  a  replacement  ratio  of 
two  per  day  supposing  their  average  life  to  be  30  years!       (UN  Conference 
on  the  Peaceful  Uses  of  Nuclear  Energy,    Geneva  1971). 
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=        Non- renewable  mineral  resources  (aggregated):  five  times  the 
present  estimated  reserves  (corresponding  to  500  years  at  1970 
consvimption). 

=         Use  of  such  resources:    input  reduced  by  a  factor  of  4  per  unit 
of  industrial  output  (from  197  5)  by  reclamation  and  recycling. 

Pollution 

-        Reduction  to  less  than  one -fourth  of  the  present  generation  rate 
per  unit  of  economic  output  (all  sources  aggregated,    including 
agricultural  pollution  by  fertilizers,    pesticides,    etc.  ).    (l) 

Birth  Control 

=         Perfect  in  the  sense  that  it  prevents  the  birth     of  unwanted 
children  (from  1975).    (2) 


Technology 


Assumptions  as  to  its  relative  development  are  not  explicitly 
stated  but  are  implicit.      In  terms  of  effect  (productivity, 
disentropic  efficiency,    etc.  )  a  technological  development  rate 
much  higher  than  today's  is  presupposed  at  least  for  a  consider- 
able period  of  time:  e.  g.    permitting  the  use  of  fuel  and  mineral 
supply  of  decreasing  quality,    recycling  of  non-renewable  resources 
and  creation  of  means  for  'perfect'  birth  control. 


(1)  The  long-term  destruction  of  the  biomass  by  factors  other  than 
pollution  proper  (urbanization,    overfishing,    single -cropping,    etc.) 
is  not  considered,    although  perhaps  more  disastrous. 

(2)  Even  if  the  medico-technical  problem  were  solved  in  a  practicable  way, 
the  main  hidden  question,    cultural  and  motivational,   would  rennain. 
There  is  considerable  evidence  that  it  is  not  so  nnuch  ignorance  and 
lack  of  access  to  birth  control  devices  that  are  responsible  for  the  high 
birth  rate  of  the  poor,   as  the  urge  to  generate  children  (for  many 
reasons,    and  perhaps  mostly  the  absence  of  alternative  modes  of 
personal  gratification  and  affirmation). 
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By  and  large,   if  this  set  of  assumptions  is  unrealistic,     it  is  because 
of  their  over-optimisms.     Now,   using  them,    the  model  shows  that 
serious  non-reversible  crises  (sometimes  also  called  collapses)  will 
nevertheless  occur  well  within  the  next  100. years,    the  nature    of 
these  crises  (food,   pollution,    resources)  depending  on  the  particular 
set  of  parameters  chosen  for  the  respective  model  run. 

In  the  model's  logic,    the  only  way  to  avoid  or  attenuate  this  disaster- 
bound  behaviour  is  the  concomitance  of  limitations  both  in  population 
and  in  capital  growth- -provided  they  are  adopted  in  time.    Two  illustra- 
tive examples  are  given,  both  presuming  strong  remedial  action 
embodied    in  the  following  world  policies: 

=        The  population  has  access  to  100  percent  effective  birth  control. 

=        The  average  desired  family  size  is  two  children. 

=        The  average  industrial  output  per  capita  remains  unchanged 
(excess  industrial  capability  being  employed  for  producing 
consumption  goods  rather  than  increasing  the  industrial  capital 
investment  rate  above  the  depreciation  rate). 

Assuming  these    policies  can  be  made  effective  in  1975,    the  outcome 
is  a  situation  that  seems  generally  acceptable: 

=         Population  increases  for  another  70  years  up  to  about  6.  5  billion 
people. 

=         First  a  rapid,    then  a  slower  increase  in  food  production  per 

capita  occurs,   up  to  150%  of  the  present  value  by  the  year  2100. 

=        Industrial  output  per  capita  increases  in  the  same  period  by 
one-third  (in  absolute  terms  by  130%). 
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=        Depletion  of  resources  is  about  40%  by  2100. 

On  the  hypothesis  instead  that  these  policies  are  not  implemented 
until  the  year  2000,  the  situation  is  bound  to  deteriorate  possibly 
beyond  repair.      In  fact: 

=         Population  increases  to  about  8.  5  billion  in  2040. 

=         Food  production  per  capita  doubles  within  50  or  60  years,    but 

decreases  markedly  from  2050  onwards  down  to  little  more  than 
the  present  value. 

=        Industrial  output  per  capita  increases  more  rapidly,  up  to  240% 
in  2040,    but  precipitates  afterwards  to  three-fourths  of  the 
present  value. 

=        Depletion  of  resources  reaches  almost  80%  by  2100. 

In  this  second  case,    an  equilibrium  state  is  no  longer  attainable  in 
the  world,    and  food  and  resource  shortages  would  be  inevitable  and 
crippling.      Presented  in  today's  terms,    if  the  shortage  first  reached 
were  that  of  food  production,    the  population  of  the  non-industrialized 
countries  would  suffer  most  and  be  drastically  reduced;     while  if 
exhaustion  of  non-renewable  resources  occurred  first,    the    industrial 
countries  would  be  most  affected.  Whatever  fraction  of  the  human 

population  remained  at  the  end  of  the  process,    it  would  have  very  little 
left  with  which  to  build  a  new  society  in  any  form  we  can  now  envisage. 

Before  reviewing  the  criticisms,    we  want  to  underline  again  that 
these  are  not  predictions  or  forecasts,    but  indications  of  outcomes 
reasonably  to  be  expected  if  the  present  world  dynamics  are  not  changed 
by  the  only  agent  which  can  do  it--we  ourselves.      This  is  expressed  in 
the  general  conclusions  of  the  report  as  follows: 
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'1.    If  the  present  growth  trends  in  world  popiilation,    industrialization, 
pollution,   food  production,   and  resource  depletion  continue  un- 
changed,   the  limits  to  growth  on  this  planet  will  be  reached  some- 
time within   the  next  hundred  years.       The  most  probable  result 
will  be  a  fairly  sudden  and  uncontrollable  decline  in  both  population 
and  industrial  capacity. 

2.  It  is  possible  to  alter  these  growth  trends  and  to  establish  a 
condition  of  ecological  and  economic  stability  that  is  sustainable 
far  into  the  future.         The  state  of  global  equilibrium  could  be 
designed  so  that  the  basic  material  needs  of  each  person  on  Earth 
are  satisfied  and  each  person  has  an  equal  opportunity  to  realize 
his  individual  potential. 

3.  If  the  world's  people  decide  to  strive  for  this  second  outcome 
rather  than  the  first,    the  sooner  they  begin  working  to  attain 
it,    the  greater  will  be  their  chances  of  success.  " 


3.  3  Review _an^d_A£sej£m£ntj)^_CrjJ;ixisms_ 

The  wave  of  criticism  raised  by  the  study  has  many  facets  of  varying 
nature.       As  usual,    some  of  the  objections  are  to  the  point,   others  off- 
centre,    some  referring  to  things  actually  said,    others  referring  to 
imaginary  theses  falsely  attributed.      The  confusion  is  often  great-- 
e.  g.    that  between  diachronic  analysis  and  prophecy.      (Incidentally: 
calling  somebody  Cassandra  is  rather  double-edged:     Cassandra 
proved  to  be  right!) 

The  bulk  of  the  criticism  is  based  on  one  or  more  of  the  following 
ways  of  reasoning: 
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=        The  assumptions  are  wrong  (that  is:  too  pessimistic). 

=        The  model  is  imperfect. 

=        The  presximed  remedial  policies  are  unrealistic  or  the 
alternatives  to  present  society  are  vinacceptable. 

=        More  important  problems  are  not  dealt  with. 

A  short  discussion  of  each  of  these  categories  is  given  below, 
while  in  Annex  B  some  of  them  are  exannined  in  the  form  of  point 
and  counterpoint.     We  shall  deal  here  mainly  with  the  objective 
and  constructive  criticism- -which  The  Club  of  Rome  sincerely 
welcomes--rather  than  the  emotional  sort,   although  it  is  most 
instructive  to  see  how  in  many  cases  they  overlap. 

As  already  indicated,   a  thorough  analysis  of  the  criticism  can  be 
made  only  by  a  confrontation  between  their  proponents  and  the  MIT 
Work  Team. 

3.  3.  1     Criticism  of  the  Assumptions 

In  the  field  of  denriography  and  the  interpretation  of  population 
phenomena  opinions  are  generally  divided.     Recurrent 
criticisms  are  based  on  hope  for  a  fast  demographic  transition 
in  poor  countries,   or  on  under-estimation  of  the  time  lag 
between  birth  control  and  population  stabilization,   or  neglect 
the  age  structure  as  a  factor,    or  treat  population  growth  in 
industrialized  countries  as  a  minor  matter.     These  arguments 
do  not  hold  against  proven  knowledge. 

The  attempts  to  prove  that  the  assunnptions  on  food  availability 
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are  too  pessimistic  are  unconvincing  as  well.      'Green 
revolution'  advocates,   and  even  Nobel  laureate  Norman 
Borlaug,    seem  sceptical  about  the  material  feasibility  of 
the  future  production  quantities  assumed  by  MIT,    even  dis- 
regarding social  and  ecological  costs.     Harvesting  more  food 
from  the  sea  and  having  recourse  to  synthetic  food  may  help 
to  defer  a  crisis  somewhat.but  are  to  be  ruled  out  as  permanent 
solutions  of  the  problem. 

Non-renewable  resources  are  a  much  more  complex  subject, 
on  which  some  serious  and  constructive  critical  remarks  have 
been  made.         In  fact,    some  of  the  data  used  in  the  study  have 
a  rather  low    confidence   level,   while  others  seem  too  conser- 
vative in  view  of  the  possible  use  of  low-grade  though  high-cost 
base  materials  or  of  new  sources,    such  as  seabed  extraction. 
More  research  on  resource  availability  is  needed  before  definite 
statements  can  be  made  on  the  effective  life  of  critical  materials 
and  their  possible  substitution.       There  is  however  good  reason 
to  believe  that  the  basic  overall  conclusions  of  the  study  will  not 
be  fundamentally  changed,   also  because  the  very  nature  of  the 
predicament  lies  in  the  fact  that  its  problems  are  too  strongly 
entangled  for  success  on  any  isolated  item  to  change  the  total 
picture. 

As  to  substitution,    it  involves  other  resources  (an  important 
consideration  if  substitution  is  generalized),    or  may  be  based 
on  technically  feasible  but  uneconomic    extraction  processes 
(e.  g.    seawater  or  rock  extraction),    or  else  may  require 
enormous  additional  energy  consumption  or  forbidding  invest- 
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ments    syphoning  money  away    from    other    needs,     and 
finally  is  likely    to  be  another  source  of  pollution.     Along  with 
recycling  (assumed  in  the  study  to  reduce  resources  demand  by 
a  f&ctor  of  4),   which  at  any  rate  faces  similar  problems,    it 
requires   also  a  change  in  social  behaviour,   with  legal  and  fiscal 
implications. 

The  optimal  assumption  of  limitless  energy  is  perhaps  one  of 
the  weaker  points  of  the  study,    especially  in  view  of  the  probability 
of  an  energy  crisis  within  the  next  twenty  years  owing  to  scarcity 
of  petroleum  and  natural  gas,   while  the  phasing-in  of    fast  breeder 
reactors  and  massive  utilisation  of  thermal,   in  particular  high- 
temperature  reactors,    is  still  terribly  uncertain.     The  need  to 
push  ahead  with  R&D  and  planning  or  simply  to  know  more  in  the 
field  of  high  energy  liquids  from  coal  and  lignite,    the  utilization  of 
tar  sands,    or  other  energy  sources  is  urgent  since  the  provision 
of  sufficient  energy  is  quite  a  critical  point  in  relation  to  the 
adoption  of  stop-gap  or  even  basic  technological  solutions  to 
increase  the  time  to  manoeuvre  towards  a  more  stable  and  secure 
society. 

Another  relatively  weak  point  of  the  model  assumptions  (and  of 
the  respective  model  structure)  concerns  pollution;  the  aggregation 
is  by  all  means  extreme,   and  the  hypotheses  on  death  rate  values 
as  a  function  of  pollution  are  rather  arbitrary.     The  report  though 
makes  it  clear  that  its  consideration  of  the  pollution  aspects  is 
fractional  in  that  it  concentrates  exclusively  on  the  accumulation 
of  products  which  are  non-biodegradable  or  decompose  very 
slowly  (e.  g.    DDT  and  mercury)- -a  point  on  which  ecologists  are 
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very  alarmed,   excessively  so,   it  is  to  be  hoped.     This  whole 
matter  is  again  one  for  long-term  research  before  one  can  speak 
conclusively  one  way  or  the  other.        Time  only  can  prove  the  pes- 
simists or  optimists  right. 

Some  critics  of  rather  general  argumentation,    emphasize  the 
success  the  city  of  London  achieved  in  air  pollution  abatement--an 
atypical  case  of  pollution  very  ably  and  decisively  handled- -forgetting 
at  the  same  time  that  the  situation  in  Los  Angeles,    Tokyo  and  Milan 
has  by  no  means  improved.      The  most  worrying  pollution  anyway  is 
not  that  of  air  but  of  water  (lakes,    rivers,    ground-water  and  finally 
the  ocean),    climbing  from  there  into  the  food  chain.     A  final  caveat: 
not  dealt  with  in  the  study  (although  mentioned)  but  perhaps  even 
more  disastrous  than  pollution  proper,  is  the  increasing  destruction 
and  retrogradation  of  the  Earth's  biomass,    the  equilibrium  of  which 
is  already  severely  compromised,   as  mentioned  before,  by  the 
unabated,    extraordinary  expansion  of  the  presence  and  activity  of 
one  single  species- -that  of  man. 

Technology  as  the  ultimate  answer  to  all  prayers  is  a  leitmotiv 
to  be  found  in  the  criticisms  of  the  most  diverse  kinds.     In  many 
parts  of  this  paper  we  decry  the  iervid  and  naive  reliance  on 
technology  as  a  cure-all.     A  general  statement  is  perhaps  befitting 
at  this  point.  We  find  it  in  an  interesting  document  (*)  which 

says  that  this  kind  of  belief  rests,    if  on  anything  rational,    on  the 
premise  "that  the  steady  technical  progress  of  the  past  century  or 
two  can  be  sustained  indefinitely  into  the  future,   and  that  science 
and  technology  are  flexible  with  respect  to  goals,    i.  e.    that  they 
will  be  as  effective  in  dealing  with  pollution  or  materials  shortage 


(*)      'Technical  Change- -Social  Change?'  by  the  Science  Policy  Research 
Unit  at  Sussex  University  in  the  Field  of  Forecasting,   September  1972. 
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as  they  have  been  in  developing  communications  technology  or  in 
raising  productivity  in  oil  refineries  or  making  nuclear  weapons. 
Now,    technical  progress  has  been  won  at  steadily  increasing  cost 
and  specifically  the  returns  to  R&D  investment  have  been  steadily 
diminishing  for  the   past  century.  Economists  are  unanimously 

agreed  that  the  rate  of  increase  in  R&D  expenditure  l.i  the    past  50 
years  has  been  far  greater  than  that  of  the  GNP  or  of  any  of  the 
indicators  of  technical  progress  in  the  economy.       Even  if 
technological  solutions  to  these  problems  can  be  found,   national 
and  international  social  systems  may  simply  not  be  able  to  accom- 
modate the  necessary  rate  of  change".        One  should  add  moreover 
that  the  net  useful  output  of  new  industrial  techniques  will  become 
relatively  smaller  and  smaller  as  more  and  more  effort  and 
ingeniousness  have  to  be  devoted  to  remedying  harmful  side 
effects  of  primary  techniques. 

3.  3.  2     Criticism  of  the  Model 

The  pilot  nature  of  the  model  is  not  always  acknowledged,   nor 
is  the  fact  that  its  high  degree  of  aggregation  justifies  imperfections 
which  may  be  overcome  only  in  later  model  generations.      The 
absence  of  adjustment  mechanisms  in  the  model  is  often  noted 
instead  with  the  observation  that  especially  in  the  functioning  of 
the  economy  these--and  particularly  price--play  an  essential  role. 

It  is  true:    only  a  few  adjustment  mechanisms  (like  the  birth  rate 
as  a  function  of  per  capita  income)  were  introduced  into  the  model. 
But,   for  one  thing,    in  the  real  world  social  mechanisms  do  adjust 
insufficiently,   and  at  any  rate  with  too  long  time  lags  with 
respect  to  modern  growth  and  change  rates,    e.  g.    in  technology. 
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industrialization  and  urbanization;  or  they  do  correct  just 
one  part  of  the  system,   possibly  disrupting  other  parts.      In 
fact,   no  adjustment  mechanism  so  far  has  prevented  the  form- 
ation of  untenable  situations   in  world  nutrition,   or  city  transport, 
or  the  cancerous  growth  of  metropolitan  areas  filled  with  misery, 
or  the  extreme  disparity  of  wealth  among  and  within  countries. 
However,   we  do  recognize  that  price  as  a  regxilatory  factor  has 
not  been  given  enough  importance  in  the  model,    even  if  it  is  no 
longer  a  valid  regulator  in  many  fields,    often  being  itself  the 
resultant  of  many  other  factors  perturbing  the  genuine  demand/ 
supply  relationship. 

3.  3.  3     Criticism  of  the  Presumed  Policies  and  their  Outcome 

In  order  to  stabilize  the  MIT  world  model  for  the  period  until 
2100  and  possibly  beyond,    the  simulation  of  several  simultaneous 
remedial  policies  was  necessary,    concerning  mainly  birth  control 
measures  and  limitation  of  the  average  industrial  output  per 
capita.     Some  critics  rightly  deduce  that  the  implementation  of 
such  policies  would  require  a  drastic  change  in  the  structure, 
motivational  pattern  and  way  of  life  of  present  societies--an 
event  which  is  considered  'subversive'  by  some,   unrealistic  by 
others.     Let  us  briefly  review  the  main  criticisms. 

To  start  with,  there  is  the  usual  misinterpretation  that  the  limits 
message  purports  that  economic  growth  should  be  stopped  every- 
where,  now- -which  is  nonsense.  This  posture  is  alien  to  both 
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the  MIT  report  and  very  definitely  The  Club  of  Rome,  as  the 
Commentary  of  its  Executive  Committee  included  in  the  book 
and  some  of  our  observations  herein  explicitly  underline. 

Once  this  point  is  clear,    the  question  is  asked  whether  millions 
of  people  in  the  rich  countries  would  be  willing  to  accept  a  cut 
in  their  living  standard.      The  answer  to  this  very  reasonable 
question  probably  is  that,    in  the  past,    many  nations  have  given 
up  their  high  standard  of  life  (and  much  more  than  that)  when 
under  threat  of  war  or  natural  calamities;    and  that,    today, 
polarizing  attention  to  material  standards  alone  appears  to  nnany 
tantamount  to  diminishing  the  quality  of  life.     One  may  infer  that 
a  better  knowledge  of  the  alternatives  confronting  our  societies 
may  pave  the  way  to  acceptance  of  different  value  systems  apart 
from  the  merely  material.       Propensity  to  change  is  greater 
when  the  need  for  change  is  understood.       It  is  not  surprising 
that  countries  of  both  high  industrial  and  population  density 
have  been  more  moved  by  the  report  than  emptier  areas  of  the 
world,   and  that  studies  on  social  change  are  particularly  advanced, 
e.  g.  ,   in  Japan. 

Another  objection  concerns  the  possibility,    or  rather  impossi- 
bility,   to  conceive  of  substantial  economic  growth  taking  place 
in  the  poor  countries  in  a  context  of  economic  stagnation  in  the 
industrialized  world.     Admittedly,    this  is  hardly  imaginable, 
as  would  also  be  a  cut  in  the  standard  of  living  in  an  industrialized 
country  which  would  not  cause  severe  hardship  to  the  disadvantaged 
citizens  of  that  country.       However,    this  is  not  the  recipe  suggest- 
ed. The  hard  fact  to  be  faced,    the  study  says,   is  that- -if  some 
growth  limits  are   proven,    or  even  if  it  is  not  disproved  that  they 
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do  exist- -mankind  has  to  keep  within  such  limits.     And  one 
may  add  that- -if  this  demands  that  the  value  system  and  structure 
of  society  be  changed- -we  had  better  use  our  imagination,  all  our 
political  will,   all  our  energies  to  make  that  change  while  still  in 
time.         If  we  are  not  able  to  do  so,   one  does  not  see  how  this 
world- -underdeveloped  and  developed- -can  go  on. 

A  corollary  criticism  is  that  growth  is  an  essential  attribute  of 
and  condition  for  capitalism.       But  this  affirmation  is  now  disputec^ 
even  by  no  less  a  person  than  Jan  Tinbergen,   and  it  seems  to 
equate  capitalism  with  good- -which  is  open  to  question.         Similarly, 
the  doubt  is  expressed  whether  the  liberties  of  individuals  and 
business  could  be  preserved  in  the  context  of  a  no-growth  world. 
This  is  again  a  double-edged  question:    optimum  individual  freedom 
for  all  can  be  but  freedom  limited  by  social  responsibility --a 
limitation  negative  only  in  appearance. 

In  the  same  order  of  ideas,    there  is  the  contention  that,    since 
economic  equalty  is  unattainable  in  this  world,    growth  is  its  best 
substitute;      thus  stopping  growth  would  imply  perpetuating  the 
existing  inequalities  in  world  income  distribution.         Whatever 
truth  there  is  in  this  reasoning,   it  looks  like  a  Machiavellian 
expedient  actually  to  freeze  the  relative  condition  of  the  poor,   who 
possess  a  lesser  capacity  to  grow.       We  substantially  question  the 
premise,   believing  that  there  cannot  be  any  long-term,    structural 
substitute  for  reasonable  economic  equality  (or  at  least  equal 
chances)  in  the  modern  world.     And  we  would  recall  a  line  by 
Christian  Morgenstern,    that  "nothing  can  be  that  shouldn't  be"  (*). 


(*)         " dass  nicht  sein  kann,   was  nicht  sein  darf". 
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We  know  that  we  have  not  touched  upon  all  the  major  areas  of 
criticism;    but  the  discourse  on  this  matter  would  be  endless, 
and  the  hard  fact  remains  that  to  accept  a  change  of  policies  and 
even  more  of  condition,   people  need  to  be  convinced  that  the 
danger  point  is  here;    or  at  least  want  to  know  what  advantages 
they  can  reap  in  the  trade-off.  For  the  time  being,    one  may 

conclude  with  the  thought  that  the  future  way  of  life,    seen  with 
the  eyes  of  people  conditioned  by  our  rich,    consumer  societies, 
may  look  perhaps  morally  rewarding  but  a  little  bit  austere; 
while  seen  with  the  eyes  of  the  rest  of  mankind,    it  may  look  un- 
believably plentiful.         But  In  any  event,    the  present  way  of  life, 
seen  in  retrospect  with  the  eyes  of  a  future  generation,   will  look 
incredibly  disorderly  and  harebrained. 

3.  3.  4     Criticisnn  that  'More  Important  Problems'  Exist 

Of  all  the  different  critics  advancing  this  argument,    Carl  Kaysen('') 
has  put  it  in  the  most  articulate  manner: 

"How  much  does  'crying  wolf  help  to  direct  social  energies  towards 
improving  our  responses  to  these  problems?     To  be  effective,    the 
cry  must  be  well  directed:     the  wolves  must  be  imminent  and  they 
must -indeed  be  wolves.  On  this  score  we  can  give  only  a  moderate 

grade  to  '  limits',    or  more  properly,    to  its  sponsors  in  The  Club 
of  Rome.      The  problems  they  call  us  to  attend  are  real  and  pressing. 
But  none  are  of  the  degree  of  immediacy  that  can  rightly  command 
the  urgency  they  feel.       Indeed,    at  least  two  problems  of  worldwide 


')      'The  Computer  that  Printed  Out  W.  O.  L.  F.  ',    Foreign  Affairs,    July 
1972,   p.    660-668. 
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consequences  outside  the  scope  of  this  work  seem  to  be  more 
urgent  than  any  it  deals  with:     the  creation  of  an  international 
order  stable  enough  to  remove  the  threat  of  nuclear  war,    and 
the  dinninution  of  the  staggering  inequalities  in  the  international 
distribution  of  wealth.  A  good  sentry  does  not  cry  up  tomorrow's 

wolves  and  ignore  today's  tigers". 

This  is  a  remarkable  piece  of  elegant  journalism.     In  our 
opinion,    it  is  inspired  by  another  deep-rooted  tendency- -that  of 
focusing  on  symptoms  and  consequences  (inequalities,    worldwar 
threat)  instead  of  referring  to  the  underlying  causes     (inter  alia, 
the  impact  of  overwhelming  growth  on  traditionally  organized 
society).  Moreover,   as  has  already  been  explained,    it  is  the 

very  nature  of  the  predicament  that  its  problems  are  so  critically 
intertwined  that  it  is  not  possible  to  deal  with  any  single  major 
issue  separately  and  in  isolation.  The  habitual  kind  of  linear, 

sequential    thinking  ('disarmament  first'  or  'economic  growth 
first'  )  is  basically  wrong, and  cannot  lead  us  out  of  the  present 
colossal  imp>asse.     Just  inaagine  waiting  for  the  world  to  be 
de-nuclearized  before  attacking  the  problems  of  poverty,    or  vice 
versa.         Nothing  has  such  priority  as  to  relegate  the  problematique 
as  a  whole  to  second  place.  All  the  issues  have  to  be  dealt  with, 

or  at  least  understood,    in  a  coherent,    systemic  way. 

Let  us  close  this  argument  by  a  quotation  from  Forrester  which 
is  fitting  to  the  point: 

"Men  with  Maddox  message  are  essentially  saying:  remove  the 
economic  restraints,   allow  growth  to  continue,   and  maintain  the 
past  trends  until  economic  and  social  pressures  sufficiently 
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threaten    society  that  the  latter  alone  stop  growth.     We  see  these 
social  pressures  increasing  already.         I  believe  we  can  clearly 
trace  back  to  growth  and  to  the  changes  that  accompany  technology 
such  social  disorientations  as  drug  addiction,    rising  crime  rate, 
aircraft  hijackings,    genocide,   and  the  increasing  threat  of  a  third 
world  war.  A  third  world  war  is  apt  to  involve  conflict  over 

space,    natural  resources,    pollution  dissipation  rights,   and  political 
freedom.  All  of  these  pressures  are  intensified  by  rising 

population  and  by  rising  industrialization".    (*") 


The  Growth  Issue  and  Beyond 

4-  1    Zll?.D£.bate__Under_Way_ 

The  bitter  and  often  utterly  injustified  criticism  of  the  study  has  shown 
that  a  sore  spot  of  society  has  been  touched.       On  the  other  hand,    after 
the  first  shock,    an  increasing  wave  of  interest  and  assent  from  all 
strata  of  society  confirms  that  the  nature  of  man  is  not  as  stereotyped 
as  some  claim.  But  the  most  hope-inspiring  fact  and  something  indeed 

amazing  is  the  serious  and  profound  debate  of  the  problematique  which 
has  gripped  personalities  of  the  highest  responsibility  in  politics, 
business  and  science  in  many  countries --which  would  not  have  happened 
had  the  report  not  concretized  an  intuitive  disquiet.       The  debate  has  just 
started  but  it  is  gaining  ground.      Within  only  some  eight  months  after  the 
appearance  of  the  report,    an  important  change  of  attitudes  can  already 


(^)  'The  Fledgling  Cheermonger'  by  Jay  W.    Forrester,    submitted  for  the 

January  1973  issue  of  the  Cambridge  Review,    University  of  Cambridge. 
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be  perceived.      Incidentally,    second-line  people  still  show  hostile 
intransigence  when  corresponding  first-line  people  have  already- 
changed  their  attitude  or  have  taken  a  balanced  stand--a  situation 
whis  is  paradoxical  only  at  a  superficial  glance. 

The  panoramic  overview  pernnitted  by  the  MIT  study  has  changed 
the  average  outlook  more  than  anything  before.         Even  ordinary 
citizens  feel  that  for  the  first  time  they  have  been  given  the  possibility 
of  seeing  for  themselves  the  continuously  interlocking,    tremendous 
world  problems  that  threaten  all  peoples  and  nations  regardless  of  the 
degree  of  their  development  or  political  reginne. 

While  it  is  too  early  to  take  stock  of  the  situation,   it  can  be  stated 
already  now  that  the  higher  the  responsibility, the  greater  the  attention 
devoted  to  the  universal  problematique  invoked.         This  is  confirnmed  by 
some  of  the  highlights  of  the  growth  debate  given  in  Annex  C,   and  the 
following  sample  reactions    which  cannot  be  attributed  to  specific  persons : 

=         Our  nations  are  caught  in  a  vicious  circle  in  which  today's  difficulties 
are  to  a  large  extent  the  result  of  past  complacency,    improvidence 
and  neglect.     But  current  problems  and  crises  are  so  absorbing 
that  most  of  our  energies  are  engaged  in  facing  them.  Unable  to 

plan  sufficiently  ahead  to  meet  tomorrow's  greater  problems,   we 
are  all  condemned  to  be  prisoners  of  the  past.  This  vicious  circle 

gets  steadily  worse,    and  nnust  be  broken.  The  time  has  come  to 

find  how. 

=         The  irony  of  modern  society,    so  amazingly  advanced  in  many 

aspects,    is  that  it  is  not  organized  to  tackle  the  very  fundamental 
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questions  where  practically  everything  for  everybody  is  at  stake. 
People  want  to  be  effectively  informed  and  to  discuss  with  those 
politically  responsible  such  crucial  issues  as  the  deterioration 
of  the  global  environment  for  human  life,    the  danger  of  over- 
crowding the  planet  beyond  its  carrying  capacity,    the  overkill 
spiral  in  armaments,    the  Third  World's  growing  lags  in  socio- 
economic and  human  development,   and  their  possible  worldwide 
effects. 

We  begin  to  perceive  that  something  fundamental  has  to  be 
changed  in  the    present  way  of  conducting  human  affairs,    in  a 
world  that  has  become  unbelievably  small  and  vulnerable,   and 
are  ready  to  accept  that  many  of  these  changes  cannot  be  brought 
about  within  the  enclaves  of  separate,    quarrelling  nations. 

For  the  first  time  an  instrument  has  been  demonstrated   which  is 
to  some  extent  in  keeping  with  the  complexity  of  our  world  and  its 
problematique.  Never  again  will  it  be   possible  to  regard 

population,   monetary  matters,    industrial  growth  and  many  other 
problems  as  autonomous  areas  of  policy  determination. 

The  need  for  a  new  approach  to  science  and  technology  has  been 
shown  to  be  an  area  which  can  no  longer  be  regarded  as  autonomous 
in  terms  of  policy.  Unless  research  and  development  are 

initiated  in  a  prospective  sense,    in  awareness  of  social  and  economic 
trends  and  of  problem  growth,    the  dichotomy  between  human  needs 
and  technological  development  will  get  completely  out  of  hand. 


268 


38. 


The  fallacy  has  been  shown  of  the  theory  that  the  overall  goals 
of  a  social  system  are  best  approached  by  working  separately 
towards  each  sub-goal.         On  the  contrary,   in  our  present 
condition  every  effort  to  enhance  one  sub -goal  reduces  the 
chances  of  meeting  other  sub-goals.         The  problem  is  to 
determine  the  optimum  compromise,    not  only  at  national  but  also 
at  global  level. 

In  cost-benefit  relationships  among  nations  there  has  always 
been  the  tendency  to  realize  the  benefits  in  one  place  and  have 
the  cost  paid  in  another.         Now  it  has  become  evident  that  the 
benefits  of  economic  expansion  can  be  increased  in  exchange  for 
a  cost  to  be  paid  in  the  future.         This  is  a  dangerous  trend.   As 
a  matter    of  fact,    we  are  beginning  to  pay  the  price  for  advantages 
that  mankind  (or  rather  a  small  portion  of  it)  enjoyed  in  the  past. 
What  will  happen  to  our  children  if  we  continue  along  this  path? 

One  of  the  key  findings  is  that  a  system  which  tries  to  accom- 
modate rapid  rates  of  material  growth  to  a  slowly  changing 
institutional  structure  is  fundannentally  unstable  and  will  undergo 
profound  fluctuations.  While  no  one  can  say  with  certainty 

what  the  ultimate  cause  or  the  precise  timing  of  a  major  world 
crisis  will  be,    there  certainly  will  be  one.  This  is  true 

whatever  the  details  of  the  model  we  may  choose  to  study  the 
nnodern  world. 

If  the  book  on  the  limits  to  growth  is  read  carefully  and  with  an 
open  nnind,    it  becomes  clear  that,    despite  the  terms  of  the  title, 
it  is  not  growth  as  such  which  is  at  fault  but  the  present  kind  of 
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growth  and  our  methods  of  measuring  growth. 

It  is  sure  that  the  debate  presents  the  danger  of  polarizing  extreme 
positions,    that  of  apocalypticians  and  that  of  incurable  optimists-- 
both  critical  of,   and  rejected  by,    The  Club  of  Rome.     On  the  other 
hand,    the  debate  under  way,   however  confused,   is  the  strongest 
catalyzer  of  a  new  awareness  of  the  trends  and  interactions  going  on 
by  our  own  impetus  in  this  planet  in  which  many  more  generations  have 
the  right  to  live. 


4.  2       New  _Guidj£q_s_ts_  Erne r£irig_ 

We  have  pointed  out  that  the  MIT  project,    the  first  in  The  Club  of 
Rome's  series  on  The  Predicament  of  Mankind,   was  conceived  as  a 
commando  operation,   and  that  its  tactical  success  was  expected  to 
trigger  off  strategic  consequences.     This    purpose  has  been  fulfilled. 
Apart  from  its  intrinsic  merits,    the  'limits'  study  has  in  fact  the 
merit  of  having  opened  up  a  new  dialogue.  The  debate  we  have  just 

reviewed  is  due  to  the  widespread  commotion,    the  new  consciousness 
and  the  movement  of  opinion  it  has  created.  Considerations  which 

go  far  beyond  the  mismatch  which  exists  and  grows  between  an  ever- 
expanding  and  demanding  hunnankind  and  the  finite  nature  of  our  planet 
are  now  being  made.     Unmistakably  our  Earth-bound  species  has  to 
watch  its  own  growth  on  it--unless  it  wants  to  trust  its  future  to  the 
exploitation  of  the  cosmos  and  the  'greening'  of  the  universe.       But 
the  growth  issue  should  not  monopolize  our  attention. 

Other  parts  of  the  mass  of  problems  confronting  world  society  are 
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as  deadly  important,   and  as  urgent.         To  embrace  all  of  them  a 
substantially  higher   plateau  of  vision  and  comprehension  must  be 
reached,   a  quantum  leap  made  in  our  overall  theoretical  and  positive 
thinking.  This  escalation  will  require  time  and  probably  a  concerted, 

joint  effort  by  the  entire  world  community.       But  already  now  public 
opinion  has  been  awakened,   and  will  help  to  find  new  responses  to 
the  unprecedented  challenges  it  begins  to  perceive.     One  can  see 
people  of  different  condition  and  conviction  trying  to  detect  what 
reliable    points  of  reference  and  guidance  will  finally  emerge  from 
the  present  confusion  and  turmoil.       We  submit  that,    even  pending 
deeper  research  and  meditation,    some  of  these  points  are  already 
within  sight  as  ♦'hey  are  so  clearly  inherent  in  the  unprecedented 
realities  of  our  epoch. 

One  such  emerging  guidelines  is  that  global  strategies  and  covenants 
for  the  use,   allocation  and  management  of  critical  non-renewable 
resources  of  the  planet  have  become   indispensable.  The  day  is 

not  far  away  when  the  world  community  must  seriously  set  about 
conceiving  and  organizing  these  strategies.         This  may  be  done  at 
the  initiative   of  a  group  of  particularly  interested  countries --e.  g- 
the  major  user  nations  and  those  which  by  geographical  chance  control 
these  resources- -or  preferably  by  a  more  widely-based  international 
body.         Among  the  critical  resources  that  sooner  or  later,   and  for 
one  reason  or  another,   will  have  to  be  considered,   are  probably 
natural  gas  and  petroleum,    copper,   mercury,   lead,   uranium, 
platinum,    some  'exotic'  metals,   and  gold.  But,    once  this  principle 

has  been  adopted,   it  may  well  be  discovered  that  other  rare  or 
strategic  materials  had  better  be  added  to  the  list  soon,   and  that 
similar  criteria  of  global  management  are  becoming  inevitable  also 
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with  respect  to  climate,    outer  space,    the  oceans,    possibly  energy 
in  a  general  sense- -and  in  the  end  fertile  soil  as  well. 

A  second  firm  norm  one  is  forced  to  accept  at  this  stage  is  that  of 
the  collective  responsibility  of  mankind  for  the  good  management  of 
the  Earth's  biosphere- -not  only  limited  to  the  species  which  directly 
serve  human  needs.         There  is  already  a  growing  awareness  that  the 
human  creature  must  acquire  greater  ecological  sensitivity  and  wisdom 
if  it  is  going  to  fare  better,    or  even  survive  biologically,   among  the 
other  living  forms.       Other  swift  steps  must  however  be  made  in  this 
direction  to  avoid  further  irreparable  damage.         Though  from  an 
anthropocentric  viewpoint  the  other  animal  and  plant  life  manifestations 
are  of  a  lower  hierarchy,   it  is  the  interplay  of  all  their  myriad  cycles 
and  systems  which  provides  the  polyform,    integrated  texture  of  life 
that  some  hundred  thousand  years  ago  created  homo  sapiens  and  still 
now  is  at  the  basis  of  his  very  existence.  His  folly  is  becoming 

clearly  apparent  when  he  exterminates  species  after  species  or 
disrupts  and  degrades  their  ways  of  life  for  ephemeral  reasons  of 
greed,    comfort  or  expediency- -which  is  precisely  what  we  all  are  doing 
at  an  increasingly  massive  scale. 

These  two  basic  norms  call  for  the  definition  of  a  new  set  of  disciplines, 
together  forming  the  earthkeeping  sciences.  In  writing  this    paper, 

it  is  our  hope  that  Europe,    which  perhaps  needs  them  to  be  recognized 
more  than  any  other  region  of  the  world,    will  take  a  lead  in  devising 
adequate  approaches  for  their  systennatic  elaboration  and  diffusion. 

Another  and  partly  consequential  guidepost  which,    though  in  the  face 
of  much  opposition,    is  gaining  recognition  is  that  the  human  species 
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cannot  go  on  growing,    exponentially  or  otherwise,   beyond  certain 
limits  in  this  finite  planet.     We  have  discussed  this.     Even  the  die- 
hard optimists,   who  argue  that  human  presence  and  activity  can  still 
find  ample  space  and  opportunity  to  expand  without  worrying  too 
much  for  the  time   being,    cannot  of  course  claim  that  such  growth 
can  be  indefinite.        Some  limits  must  exist  somewhere.     The 
perception  that  this  is  a  hard  fact  is  getting  stronger.       And  it  is 
increasingly  being  realized  that  it  is    now  urgent  to  discover  what 
these  limits  actually  are,    e.  g.  ,    for  a  certain  region  to  enjoy  certain 
standards  of  life,    including  quality  of  life,    over  time,    considering 
its  own  resources  and  capacities,   and  its  relationship  with  and  pos- 
sible encroachment  on  other  regions  faced  by  similar  alternatives. 
The  sooner  these  assessments  are  made,    the  better  our  collective 
chances  will  be  for  the  future. 

Let  us  be  permitted  to  note  in  this  context  the  unfair  posture  of  those 
critics  who,    contesting  that  mankind  is  approaching  boundary 
conditions  in  its  occupancy  and  exploitation  of  the  Earth,    denounce 
their  opponents  for  the  sin  of  advocating  a  chimeric,    but  stagnant 
and  decaying  'zero  society';     or  'zero  demographic  or  economic 
growth',   and  'zero  effluence  or  pollution'  now.      In  our  view  such  'zero 
goals'  would  again--though  in  reverse--be  an  expression  of  a  conception 
of  life  which  regards  human  fulfilment  and  destiny  in  purely  or  mainly 
quantitative  terms.      Unfortunately,    the  'myth  of  growth'  still  prevails. 
But  the  crude,   outdated,    purblind  addiction  it  engenders  is  so  unfit 
for  the  new  world  shaping  up  that  it  must  and  will  disappear- -the 
sooner  the  better--although  we  are  not  so  naive  as  to  believe  that 
the  transition  will  not  be  turbolent  and  painful,    or  that  it  can  be 
engineered  now. 
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Needless  to  say,    on  the  other  hand,   just  because  society  is  at 
present  so  committed  to  growth  nobody  in  his  senses  can  dream  of 
successfully  launching  'zero  growth  now'  policies.       What  is  needed, 
now  or  in  the  very  near  future,    is  instead  a  proper  understanding  of 
where  in  broad  terms  the  present  growth  syndrome  may  lead  society, 
so  that  it  can  liberate  itself  from  its  spell  and  be  free,   for  its  further 
ascent,    to  seek  values,   motivations  and  goals  consistent  with  the 
changing  reality  of  this  period  of  metamorphic  transition.      We  want 
furthermore  to  state  that  it  is  particularly  up  to  us  living  in  advanced 
industrial  countries--at  the  forefront  both  of  knowledge  and  affluence -- 
to  feel  it  a  moral  obligation  to  get  rid  of  the  material  wealth  obsession 
we  inherited  from  times  of  scarcity  which  are  no  longer  with  us.     In 
saying  this  we  are  again  thinking  of  Europe  and  the  role  it  may  have 
in  the  embattled  and  doubt-torn  nnodern  society.       It  behoves  perhaps 
Europe  to  take  the  initiative,    to  find  ways  to  humanize  growth,    to 
make  it  selective,   oriented,    governable,    introducing  such  qualitative 
changes  as  may  permit  the  attainment  of  different,   more  complete 
degrees  of  wellbeing. 

These  are  just  the  first  guideposts  looming  up  in  a  sequence  of 
milestones  on  the  path  to  a  new  phase  of  evolution  of  the  human 
system.       To  become  a  responsible  and  mature  society,    that  has 
to  be  in  harmony  with  its  habitat,   well-balanced  with  respect  to  the 
natural  systems  which  support  and  condition  it.       The  expanded 
and  thriving  community  of    man  foreseeable  for  the  coming  decades 
cannot  ever  expect  to  flourish,    or  even  be  secure  on  its  planet,    if 
it  remains  in  a  grave  or  permanent  state  of  disequilibrium  with  its 
environment.         Nobody  can  yet  define  what  such  a  condition  of 
equilibrium  or  'stable  state'  should  be,   although  we  can  imagine    . 
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that  it  could  perhaps  be  not  dissimilar  to  the  dynamic,    ever- 
changing  and  ever -adapting  ecological  equilibrium  of  living  things. 
Man,   who  in  his  arrogance  conceived  of  himself  as  a  godlike  supreme 
master  of  the  Earth,   will  have  now  to  seek  the  way  of  his  terrestrial 
salvation  by  seeing  himself  instead--as  he  indeed  always  was--as 
part  and  parcel  of  Nature,   and  be  at  peace  with  it.  The  fuller  this 

recognition  and  the  better  this  ecological  balance,    the  higher  our 
quality  of  life  and  the  greater  our  individual  and  collective  options  for 
the  future  will  be. 

Finally  and  logically,  in  the  stride  of  these  conceptual  developments, 
though  less  clearly  as  yet,  another  basic  norm  will  have  to  guide  our 
positive  thinking.  External  equilibrium  between  society  and  Nature, 
however  indispensable,  cannot  be  attained,  or  if  attained  would  soon 
be  disrupted,  if  society  itself  is  in  a  state  of  internal  disequilibrium. 
In  point  of  fact,  technological  society  needs  social  justice  and  peace 
more  than  any  society  of  the  past.  In  an  age  of  exalted  human  power 

and  extreme  alternatives,    social  justice  and  peace  not  only-conserve 
their  primary  and  lasting  ethical  value,   but  turn  out  to  be  a  matter  of 
great  political  consequence,    ecological  concern,   and  existential 
significance.         Further  increases  of  population,    economy  and 
technology  will  but  accentuate  this  interdependence.     And  whatever 
our  relative  growth  restraint  and  environmental  balance,    whatever 
sort  of  good  management  of  our   lot  on  Earth  we  can  provide,    human 
society  will  be  constantly  in  danger  unless  and  until  the  present 
intolerable  disparities  between  rich  and  poor,   between  educated  and 
illiterate,   between  those  who  have  all  the  chances  life  can  afford  and 
those  who  haven't  any  are  eradicated,   or  at  least  fundamentally 
reduced. 


275 


45. 


Considering  the  growth  issue  in  this  light  will  help  us  to  appraise 
it  more  intelligently  and  place  it  in  the  context  of  the  world  proble- 
matique.         It  will  then  be  clear  that,    even  if  the  offerings  of  science 
and  technology  were  boundless,   they  could  not,   alone,   underpin 
mankind's  growth,   make  it  fully  rewarding  or  acceptable.      Certainly 
society  cannot  be  de-technologized;    on  the  contrary,    techno- scientific 
progress  will  continue,   and  may  become  even  swifter.         But  the  very 
developments  that  can  be  imagined- -for  good  or  for  evil- -in  the 
information-communication  technologies,    in  computer  technology,    in 
harnessing  new  energy  sources,   in  controlling  and  using  the  climate 
and  outer  space  for  human  needs,   in  human  engineering  and  genetic 
moulding,   and  in  so  many  other  fields,    compel  us  to  match  and  control 
them  by  equally  advanced  political,    social  and  generally  cultural 
developments.         A  society  that  wields  more  power  than  reason  will 
remain  a  barbaric  society. 

To  avoid  this  degenerative  involution,    our  main  effort  must  be  in  the 
direction  of  social  inventions  and  innovations.  For  one  thing,   new 

institutions  are  needed--most  of  them  of  global  jurisdiction,    such 
as  those  for  managing  critical  resources,   as  already  mentioned.    But 
throughout  history  the  inertia  of  the  institutional  setup,   whatever  this 
might  have   been,   has  always  weighed  heavily  in  the  evolution  of  the 
human  system  in  the  face  of  changing  situations.     Nowadays,   with  rapid 
and  radical  change  everywhere,    this  drag  may  have  disastrous 
consequences.         If  imaginative  solutions  in  our  institutions  and 
instrumentalities  are  not  devised  quickly,   disastrous  breakdowns 
and  revolutions   have  to  be  expected. 

The  major  obstacle  to  innovation  in  this  field--and  one  that  hardens 


276 


J 
i 


46. 


the  entire  world  problematique  across  the  board--is  represented  by 
nothing  less  than  the  nation-state,    outdated  but  sovereign,   unadaptive 
but  strongly  entrenched.  It  is,    then,    the  concept,   nature  and  myth 

of  this  basic  unit  of  human  organization  which  needs  to  be  transformed, 
complemented,    diluted  in  accordance  with  new  world  realities  (*). 


4.  3       Further_Re_s_earc2i 

The  reality  and  validity  of  the  pillars  of  new  wisdom  just  mentioned 
must  be  thoroughly  questioned  and  assessed.         Their  merit  for  the 
moment,    however,    is  to  evidence  how  radically  different  from  the 
traditional  wisdom,    which  in  various  ways  has  guided  civilization 
till  now,    the  new  wisdom  must  be  that  can  offer  mankind  a  sporting 
chance  to  override  challenges  and  threats  that  for  the  first  time  are 
of  global  proportions.         Various  alternative  courses  are    open,   but 
the  danger  of  miscalculation  is  enormous.         And  moreover,    the 
pressure  and  complexity  of  new  situations  building  up  may  push 
certain  human  groups  to  risk  shortcut  solutions   by  the   logic  of  force, 
which  may  climax  in  a  truly  catastrophic     Battle  for  the  Earth--  in 
which  humanity  and  everything  else  may  be  lost. 

We  have  already  mentioned  that  the  first  response  should  be  a  joint 
endeavour  to  gain  a  true,    comprehensive  understanding  of  the  changed 
human  condition  and  the  choice  of  options  open  to  the  community  of 
man.        This  calls  for  a  blend  of  research,    reflection,   insight  and 


(")         We  would  like  to  suggest,    as  reading  matter  for  meditation  on  this 

general  subject,    a  working  docunnent  of  'Le  Groupe  des  Dix'  prepared 
"with  a  view  to  answering  The  Club  of  Rome"  (Paris,    November  1972). 
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creative  imagination.     For  its  part,    The  Club  of  Rome  has  promoted 
a  series  of  'second  generation'  studies  in  Europe,    Japan,    Latin 
America  and  the  United  States.       Some  of  these  will  be  disaggregations 
from  the  initial  world  model,   others  will  go  deeply  into  parts  of  the 
system,    such  as  the  population-food-agricultural  interfaces  or  materials 
availability  on  a  global  scale;    others  will  attempt  to  evolve  different 
methodologies  for  investigation  on  the  world  system;     yet  others  will 
analyze  in  depth  the  problematique.       In  this  paper,   we  will  limit 
ourselves  to  touching  upon  two  of  these  new  projects  which,   although 
still  dealing  mainly  with  the   material  aspects  only  of  our  collective 
life,   are  a  step  beyond  the  first  growth  appraisal  made  at  MIT. 

The  first  of  the  two  projects,    tentatively  called    Strategy  for  Survival, (^) 
is  based  on  a  model  that  recognizes  the  specific  characteristics, 
standards  and  dynamics  of  the  various  regions  in  the  world,    and  hence 
breaks  down  the  total  system  into  interdependent  regional  subsystems 
which  increasingly  interact  among  themselves.  Although  the  world 

problem  situation  is  generally  viewed  by  these  regional  systems  as 
one  of  crisis,    each  of  them  is  conscientiously  engaged  in  seeking 
solutions  exclusively  or  mainly  to  its  own  problems  only.  This 

response  to  challenge  is  simulated  by  the  model,   which  attempts  to 
represent  explicitly  the  goal- seeking  and  adaptive  nature  of  the  human 
system,   whose  efficiency  however  is  hampered  by  its  fragmentation 
and  by  time-delays  in  problem  recognition  and  the  organization  of 
remedial  action. 

We  expect  that  this  project  will  lead  us  to  rediscover  the  old,    sobering 
truth  that,    due  to  human  shortcomings,    society's  limits  to  growth  are 


(")        Since  some  progress  reports  have  already  been  prepared,    their 
authors,    Professors  Mihajlo  D.  Mesarovic  and  Eduard  C.  Pestel, 
are    prepared  to  make  them  available. 


95-852  O  -  73  -  19 
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in  fact  narrower  than  the  world's  physical  dimensions;    and  also  to 
realize  how  inextricably  all  nations  and  peoples  have  become  bound 
together,   none  of  them  any  longer  being  able  to  escape  a  fairly 
common  destiny.         Solidarity  must  supersede  rivalry. 

The  second  project,    called  Problems  of  Population  Doubling  (")  attempts 
to  explore  critically  whether  and  how,   or  rather  under  what  conditions, 
it  will  be   possible  to  lodge,  nourish  and  provide  with  the  other  necessi- 
ties of  a  decent  life  the  swollen  ranks  of  humankind- -which  according 
to  current    estimates  will  double  its  size  in  a  little  more  than  thirty 
years.         The  problems  and  dilemmas  created  by  this  doubling  of  the 
world  population  in  such  a  short  time,   aggravated  as  they  are  by  ill 
distribution  and  rapid  urbanization,   are  simply  frightening.       Just  take 
the  Herculean  task  of  preparing  the  necessary  infrastructure8--from 
houses,    schools  and  hospitals    to  industries,   harbours  and  roads,   and 
the  new  lands  to  reclaim.       To  perform  it,    our  generation  has  to  do,   by 
itself,   a  construction  job  equalling  in  size  all  that  mankind  has  built 
since  man  ceased  to  roam  about  in  the  wilderness  and  started  to  create 
his  first  settlements.       And  the  attendant  job  of  rationally  using  the 
scarce  land  available  for  this  and  the  other  human  needs  will  pose 
planners  in  most  countries  well-nigh  insoluble  problems. 

But,   of  course,    the  question  is  not  only  one  of  growth- -how  to  multiply 
the  production  of  infrastructures,   food  and  goods  in  an  orderly  mianner. 
Other  questions  will  weigh  heavily  on  our  capacity  and  imagination. 
Besides  providing  twice  as  many  citizens  on  the  planet  with  adequate 


(")        Further  indications  can  be  given  by  the  project  director.    Professor 
Hans  Liinnemann,    or  advisor, Professor  Jan  Tinbergen. 
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housing,   nourishment  and  products,   will  it  be  possible  to  guarantee 
them  reasonable  sanitary  facilities,   health  services  and  access  to 
education?       Can  these    production  levels  be  attained  in  view  of 
ecological  dangers  and  resource  exhaustion?     Can  this  effort  be 
organized  with  the  general  participation  of  all  the  world's  inhabitants, 
without  leaving  aside,   as  is  now  the  case,   hundreds  of  millions  of 
'marginal'  men?         Can  all  this  be  done  without  impairing  the  pos- 
sibility of  satisfying  further  human  needs,    should  the  world  population 
continue  to  grow  later  on?  What  new  institutions,    instrumentalities 

and  approaches  will  be  needed  to  mount  this  global  undertaking?         To 
be  sure,    the  study  will  not  try  to  answer  all  these  questions,    even  in 
a  preliminary  way,    but  they  will  be  kept  ever  in  the  forefront  while 
it  is  being  carried  out,   and  consideration  will  be  given  as  well  to  the 
fundamental  difference  as  to  the  needs  and  solutions  which  are  most 
appropriate  for  the  have  and  have-not  parts  of  the  world. 

To  this  effect,    the  total  system  will  again  be  broken  down  into  its 
different,    though  interlinked,    regional  components,   and  the  productive 
activities  will  be  studied  with  various  sets  of  criteria- -according  to 
whether  or  not  they  permit  recycling  or  substitution  of  materials,   and 
what  degrees  of  technological  sophistication  they  require.      We 
anticipate  that  this  study  will  show  that  the  present  industrial  and 
productive  establishment   of  the  world,   and  its  structures  and  modes 
of  operation,   are  grossly  inadequate  to  respond  to  the  tremendously 
stepped-up  demands  of  a  doubling  society.  They  will  therefore 

have  to  be  progressively  reorganized,  rationalized  and  relocated  on 
worldwide  bases  according  to  long-term,    overall  designs- -quite  a 
revolutionary  idea,    to  which  however  we  had  better  start  adapting 
right  now  if  we  want  to  coexist  on  Earth  as  decent  human  beings. 
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A  Word  of  Conclusion 

To  conclude,   our  true  understanding  of  man  and  his  world  in   the 
technological  age  has  ao  far  made  just  a  few  faltering  steps.    The 
authors  of  this  paper  believe  that  the  MIT  research,   its  short- 
comings notwithstanding,    cannot  but  be  considered  decidedly 
meaningful,   and  hope  that  subsequent  Club  of  Rome  studies  will 
equally  be  so.         They  also  feel  they  must  underline  that  the  world 
establishment,   and  more  particularly  its  main  power  centres,   have 
failed  to  recognize  the  real  nature  and  magnitude  of  the  new  challenges 
confronting  mankind,   and  that  even  in  the  questions  of  growth  of  our 
immediate  interest  they  have  shown  a  marked  unwillingness  to  face 
the  whole   picture,   preferring  to  take  refuge  in  the  analysis  of 
details  or  peripheral  aspects.     It  was  left  to  a  little  book  to  raise 
the  issue. 

Now  this  question  and  many  others  of  general  import  are  before  us. 
If  we,   both  government  and  citizens,   persist  in  shutting  our  eyes  to 
what  is  new  in  them,    indulging  instead  in  wishful  thinking,    the  old 
Chinese  curse--"may  change  strike  you"--will  indeed    strike  us. 
On  the  contrary,    it  we  are  alert  and  try  to  understand  what  changes 
are  under  way  and  what  they  mean,   and  prepare  to  meet  them 
adequately,    then  we  can  soar  above  our  difficulties --showing  yet 
again  that  man's  finest  hour  is  in  adversity. 
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social  system  behavior  and  the  techniques    developed  at  M.  I.  T.       Illustra- 
tions drawn  from  the  World  Dynamics   Model. 

Forrester,    Jay  W.  ,    "Counterintuitive  Behavior  of  Social  Systems",    Hearings 
Before  the  Ad  Hoc  Subcommittee  on  Banking  and  Currency,    U.S.    House  of 
Representatives,    Part  3,     Reprinted  from  U.  S.    Government  Printing  Office, 
65  pp.    (1971).    Similar  to  the  Technology  Review  Article,    but  including 
transcripts  of  discussion,    and  three  appended  papers: 

Forrester,    Jay  W.  ,    "Systems  Analysis  as  a  Tool  for  Urban  Planning" 

Forrester,    Jay,    W.  ,  "Toward  a  National  Urban  Consensus" 

Christopher,    Michael,    "A  New  Approach  to  Economic  Analysis",    from 
Finance    magazine. 

Harbordt,    Steffen  C.  ,    "Linking  Socio-Political  Factors  to  the  World  Model,  " 
42  pp.    (1971).     An  analysis  of  the  Changes  in  the  world  model  needed  to  in- 
clude socio-political  factors. 

Meadows,    Dennis  L.  ,    "Preliminary  Draft,    Phase  One,    Dynamics  of  Global 
Equilibrium"  (Ottawa  Presentation),    104  pp.    (1971).     A  description  of  the 
World  Project  including  summaries  of  all  the   related  substudies  undertaken. 
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Water  Pollution    in  Support  of  Senate  Bill  1113  -  The  National  Environmental 
Laboratory  Act  of  1971,  "  20  pp.    (1971).      A  statement  stressing  the  impor- 
tance of  long-term  problems  in  our  national  priorities. 

Meadows,    Donnella  H.  ,    "Dynamics  of  Population  Growth  in  the  Traditional 
Agricultural  Village,  "  24  pp.      A  study  of  the  forces  that  determine  popula- 
tion trends  in  a  typical  agricultural  village  community.       This  paper  is  an 
extract  from  the  proposal  of  a  project  still  underway. 

Meadows,    Donnella  H.  ,    "Testimony  Before  the  Education  Connmittee  of  the 
Massachusetts  Great  and  General  Court  on  Behalf  of  the  House  Bill  3787,  " 
17  pp.    A  statement  supporting    environmental  education  in  Massachusetts. 

Milling  ,    P.  ,    "A  simple  Analysis  of  Labor  Displacement  and  Absorption  in 
a  Two-Sector  Economy,  "  15  pp.  (1971).      An  analytical  model  of  potential  im- 
pacts of  labor  productivity  increases  in  a  predominantly  agricultural  economy. 

Naill,    R.  F.  .    "The  Discovery  Life  Cycle  of  a  Finite  Resource  -   A  Case  Study 
of  U.S.   Natural  Gas,  "  50  pp.    (1971).      A  study  of  the  forces  controlling  sup- 
ply of  a  finite  resource  and  the  effect  of  policies  such  as  regulation  on  that 
supply. 

Randers,    J.  ,    "The  Carrying  Capacity  of  our  Global  Environment  -  A  Look 
at  the  Ethical  Alternatives,  "  22  pp.    (1971).      A  look  at  growth  in  a  finite  world 
and  the  importance  of  long-term  equilibrium.    Paper  delivered  at  World  Coun- 
cil of  Churches,    Nemi  (Italy),    June,     1971. 

Randers,    J.,    "The  Dynamics  of  Solid  Waste  Generation,  "  79  pp.    (1971). 
Understanding  the  nature  of  the  solid  waste  problem  and  its  possible  solu- 
tions,   including  recycling  effects. 
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Randers,    J.  ,    and  Meadows,    Dennis  L.  ,    "System  Simulation  to  Test  Environ- 
mental Policy:    A  Sample  Study  of  DDT  Movement  in  the  Environment,  "  50  pp. 
(1971).     An  examination  of  the  effectiveness  of  Environnnental  policies  such 
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Annex  B 


Some  Criticisms:  Point  and  Counterpoint 


1 .       The  Assumption  of  the  Model 


pe^mog_ra£h)f_ 


Criticism 


Answer 


Birth  rates    have  been  falling  in  almost 
all  countries  (Maddox) 


Death  rates  have  been  falling  even  more, 
in  particular  in  the  'developing'  coun- 
tries. 


In  the  Western  world  a  certain  adjust- 
ment of  birth  rates  to  death  rates  is 
found  ('demographic  transition');    the 
'developing  countries'  will  follow  as 
they  become  wealthier  (Maddox) 


Demographic  transition  in  underdevelop- 
ed countries  may  be  achieved  independ- 
ently of  increase  in  wealth  by  special 
birth  control  measures 


Available  evidence  shows   that  lowering 
infant  mortality  increases  the  popula- 
tion growth  rate  in  the  short  term,    with 
beneficial  effects  through  lowering  the 
fertility  rate  following  only  after  sev- 
eral decades.    There  is  doubt  as  to  an 
increase  in  wealth  in  the  underdevelop- 
ed world  as  fast  as  the  increase  used 
to  be  in  the  now  industrialized  countries. 
Moreover,    decline  in  birth  rates  histor- 
ically has   followed  industrialization  only 
after  a  substantial  time  lag. 

There  is  no  evidence  to  sustain  such  a 
thesis,    considerable  for  the  contrary. 
But  if  there  were  and  if  family  size 
dropped  precipitously  in  underdevelop- 
ed countries  so  that  by  around  the  year 
2000  reproduction  would  reach  replace- 
ment level  (and  no  competent  demograph- 
er thinks  there  is  the  remotest  possibil- 
ity of  this  occurring),    the   size  of  the 
population  of  a  typical  such  country  would 
be  2.  5  times  its  present  size  when  it 
eventually  stopped  growing.      This  is 
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caused  by  the  age  structure:  more  than 
40%  of  the  population  is  under  15  years 
of  age. 


Although  the  population  is   rising  at  an 
exponential  rate,    it  has  not  as  yet  reach- 
ed the  globe's  carrying  capacity  and 
there  are  mechanisms  in  the  system 
which  are  not  included  in  the  model  (as 
they  were  not  operative  during  1900- 
1970  and  thus  not  observable  by  For- 
rester-Meadows) which  will  cause  the 
population  to  approach  the  carrying  ca- 
pacity asymptotically  from  below. 
(World  Bank) 


It  is   rather  risky  to  rely  on  the  hope  that 
"there  are  mechanisms"  when  there  has 
been  no  evidence  of  them  during  the  last 
70  years.    But  more  important:   the   'car- 
rying capacity'  of  the  planet  is  not  known; 
it  is  at  any  rate  not  a  fixed  value  but  de- 
creases with  depletion  of  non- renewable 
resources  and  with  increase  of  the  con- 
sumption rate  per  capita;  moreover,    it 
varies  with  cultural  and  behavioral  fac- 
tors.    So  if,    as  we  all  hope,    the  long- 
term  carrying  capacity  of  our  planet  has 
not  yet  been  trespassed  upon,    reduction 
in  population  numbers  and  in  average   con- 
sumption would  prolong  the  journey  of 
mankind  on  this   spaceship.    Doesn't  one 
use  the  brakes  before  hitting  the  obstacle, 
in  particular  when  billions  of  other    (if 
future)  human  beings  are  concerned? 


Food 
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Criticism 


Answer 


There  is  a  food  surplus  in  many  re- 
gions of  the  world. 


Since  the  late  nineteenth  century  we 
have  multiplied  the  amount  of  irri- 
gated land  by  four  to  five  times,    and 
will  see  another  doubling  before  the 
end  of  the  century. 


The   'green  revolution'  is  expected  to 
produce  a  fairly  rapid  improvement 
in  production  of  cereals. 


Yes.      But  about  two  thirds  of  mankind  is 
underfed,    mainly  affected  by  protein 
deficiency  (UN  Food  and  Agriculture 
Organization). 

True  (perhaps).      But  despite  these  enor- 
mous acconaplishments,    the  amount  of 
land  man  has  turned  into  deserts  by  over- 
grazing and  over-pressure  is  (perhaps) 
about  five  times  greater  than  the  amount 
we  have  irrigated.     In  India  one  quarter 
of  the  entire  acreage  has  such  heavy 
erosion  that  the  topsoil  will  be  gone  be- 
fore the  end  of  the  century. 

"The  drive  for  higher  yields  cannot  con- 
tinue for  very  much  longer  because  of 
ultimate  shortages  of  water  and  ferti- 
lizers.     But  there  is  a  reasonable  chance 
of  managing  it  for  the  rest  of  the  century. 
However,    that  is  only  under  one  assump- 
tion:   that  we  move  to  strict  population 
control  now,    in  the  1970's.     We  have  to, 
because  we  are  already  on  the  verge  of 
the  unmanageable".      (Norman  Borlaug, 
awarded  Nobel  Prize  for  his  merits  in 
the   'green  revolution').     Besides  this, 
the  'green  revolution'  necessitates  an  ef- 
ficiency and  intensity  of  agricultural  ef- 
fort beyond  the  possibility  of  a  peasant 
economy  and  thus  gives  rise  to  social 
difficulties,     flow  to  the  cities,    etc.  And 
the  ecological  consequences  have  not  yet 
been  fathomed. 
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What  about  food  from  the  sea? 


"The  claims  have  been  very  exaggerated. 
The  oceans  look  vast,    but  we  forget  they 
contain  large  desert  areas.     We  can  per- 
haps double  the  world's  catches,    and 
possibly  treble  them.      It  is  questionable 
whether  we  can  double  the  catches  without 
gross  over-fishing.      But  the  most  basic 
point  about  using  the  oceans  to  feed  the 
hungry  is  what  we  do  with  these  fish 
catches  today.     Approximately  half  of  them 
go  into  the  feeding  troughs  of  Europe  and 
North  America  for  animal  production, 
primarily  broiler,    chickens,    eggs,    white 
meat  and  milk.  "  (Borlaug).      Furthermore, 
life  itself  in  the  oceans  is  in  danger,    and 
the  situation  is  certain  to  become  worse 
before  it  can  be  improved  and  uphold  the 
hopes  of  harvesting  large  quantities  of 
food  from  the  hydrosphere. 


What  about  synthetic  food? 


This  is  a  possible,    but  not  yet  feasible 
way  to  ease  the  situation.      It  takes  proba- 
bly decades  to  develop  and  implement; and 
the  use  of  non-renewable  resources  (fossil 
fuels?)  as  well  as  energy  must   be  taken 
into  account. 


"We  must  stop  thinking  that  there  are  easy 
solutions  to  these  fearfully  complex  issues. 
People  go  around  saying  we  have  a  solution 
in  food  from  the   seas,    in  synthetic  food,    in 
land  reform,    in  irrigation.      It  is  not  like 
that.    Let  us  be  realistic  about  this;  we  are 
not  going  to  remove  all  hunger.     All  we  can 
do,   if  we  are  sensible,    is  reduce   it  below  a 
danger  point.     As  it  is  now,    it  is  moving  ra- 
pidly to  a  very  grave  universal  crisis". 
(Borgstrom). 


Resources 
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Criticism 


Answer 


The  estimate  confidence  level  of  the 
US  Bureau  of  Mines  data  (main  infor- 
mation source  of  MIT)  is  relatively 
low:    80%  of  the  estimates  have  a  con- 
fidence level  of  less  than  65%. 


True.   Better  data  are  difficult  to  find.  There- 
fore the  values  used  have  been  arbitrarily 
chosen  five  times  the  presently  known  re- 
source date  (500-year  supply  of  all  resources, 
at  1970  usage  rates). 


Even  5  times  increase  of  the  reserves 
over  the  next  100  years  seems  unduly 
conservative  in  the  light  of  recent 
finds  and  underwater  sources   (World 
Bank) 


This  may  be  true  for  iron  ore,    aluminium, 
manganese,    cobalt,    and  other  minerals.    For 
copper  the  source  cited  by  the  critics  gives 
estimates  of  twice  the  exploitable  resources 
at  200%   cost  increase  for  'conventional'  ori- 
gin and  a  25%  reserve  increase  by  sea-bed 
extraction.     Nickel  seabed  resources  would 
permit  a  production  corresponding  to  3  times 
the  present  Western  hemisphere  value.     As  to 
aluminium,    a  2  00%  increase  in  price  would 
make  it  possible  to  use  clay  which  is     virtual- 
ly inexhaustible;    however,    this  would  entail 
the  use  of  large  quantities  of  electrical  energy 
which  may  or  may  not  be  easy. 


Lowering  the  demand  growth  rate 
from  4%  to  I.  5%  would  correspond 
to  a  lengthening  of  the  "life"  of  the 
resources  by  a  factor  of  5.    (World 
Bank) 


Lowering  of  resources  input  into. industry 
(for  equal  output)  by  a  factor  of  4  has  been 
assumed  in  several  of  the  model  runs. 


We  do  not  know  the  true  extent  of  the 
resources  that  exist  in,    and  can  ulti- 
mately be  recovered  from,    the  earth, 
nor  will  it  be  known  in  the  next  two 
years  or  ten  years   (World  Bank) 


Right.    That  is  why  the  study  had  to  work 
with  assumptions,    in  order  not  to  wait  for 
another  10  years.      More  studies  on  resources 
are,    of  course,    needed. 


To  argue  that  no  amount  of  research 
or  technological  breakthroughs  will 


To  argue  that  research  or  technological 
breakthroughs  will  extend  the  lifetime  of 
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extend  the  lifetime  of  resources  in- 
definitely. ...  is  mere  intellectual 
fantasy. 


resources  indefinitely  is  mere  intellectual 
fantasy.     Technical  progress  could,    however, 
in  a  number  of  cases  extend  the  effective  life 
of  a  number  of  critical  materials  considera- 
bly.    The  whole  point  of  the  report  is  to  pin- 
point the  difficulties,    in  order  that  such  re- 
search should  begin  now  on  a  number  of  criti- 
cal issues  because  the  development  process 
is  very  lengthy  (upwards  of  15  years)  and  the 
real  question  is:  Have  we  time? 


Energy  can  be  much  more  economi- 
cally used.    There  is  scope  for 
smaller  cars  with  weaker  engines, 
public  rather  than  private  transport, 
increasing  efficiency  in  burning 
fuels  and  in  generating  and  distrib- 
uting electricity,    and  improved  de- 
sign of  aircraft  engines  and  bodies 
(World  Bank) 


The  study  assumes  unlimited  availability  of 
energy.     But  one  must  agree  that  there  is 
scope  for  great  econonnies  in  the  use  of  en- 
ergy and  in  the  improvement  of  efficiency  in 
energy  production.     Again  it  is  a  matter  of 
beginning  to  look  at  these  things  seriously. 
The  assumption  of  the  study  that  energy  is 
limitless  is  perhaps  one  of  the  weaker  points 
of  the   report,    especially  in  view  of  the  pro- 
bability of  an  energy  crisis  over  the  next 
twenty  years  owing  to  scarcity  of  petroleum 
and  natural  gas.     The  phasing-in  of  fast  breed- 
er  reactors  and  massive  utilization  of  therm- 
al,   in  particular  high  temperature  reactors, 
is   still  terribly  uncertain.     The  provision  of 
sufficient  energy  is  a  quite  critical  point  in 
relation  to  the  use  of  technology  to  increase 
the  time  for  manoeuvre. 


It  is  not  a  question  of  expecting  natu- 
ral resources  to  accommodate  forever 
our  current  patterns  of  growth,    pro- 
duction and  consumption;   clearly,    they 
will  not.     But  we  are  confident  that 
natural  resources  will  last  long  enough 
to  allow  us  time  to  make  deliberate 
adjustments  in  our  manner  of  using 
natural  resources  in  such  a  way  that 
resource  needs   can  be  met  indefinite- 
ly (World  Bank) 


Such  problems  have,    unfortunately,    up  to 
now  really  been  a  matter  of  confidence  not  of 
enlightened  judgement.    Studies  are  therefore 
needed  on  the  question  of  when  adjustments 
are  needed,    how  far-reaching  they  have  to  be, 
of  what  potential  type,    and  what  potential  side 
effects  they  might  be.     It  has  been  one  of  the 
objectives  of  the   report  to  attract  new  atten- 
tion-to  the  necessity  of  adjustments  and  in 
particular  to  the  tinrie  element  involved. 
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Resources  are  properly  measured  in 
economic,    not  physical,    terms;    new 
mineral  resources   can  be  created  by 
investment  in  exploration  and  discov- 
ery. 


This  is  the  traditional  economist's  argument 
that  economic  forces  create  R&D  and  inno- 
vation.    True,    they  do  so,    but  often  too  late; 
moreover,    no  miracles  should  be  believed  in. 
"Our  traditional  reliance  on  research  and 
programs  to  increase  our    resource  base  will 
be  of  little  avail,    nor  long  lasting"  (Russel 
Train,    Chairman  of  the  US  Council  on  En- 
vironmental Quality).     Finally,    the  assump- 
tion of  resources  corresponding  to  500  year 
supply,    at  1970   usage   rates,    already  takes 
considerable  investment  in  exploration  and 
discovery  into  account. 


The  weakness  of  the  computer  is 
characterized  by  the  famous  GIGO 
principle:    garbage  in,    garbage  out. 


A  computer  memory  filled  with  garbage  is 
easily  cleared,    not  so,    unfortunately,    the 
brains  of  people.     Sonne  may  even  never  have 
learned  anything  of  importance  and  still  rate 
happily  along:    nothing  in,    garbage  out    (NIGO 
principle). 


Pollution 
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Criticism 


Answer 


If  we  were  to  continue  to  rely  upon 
fossil  fuel  for  energy  production, 
severe  environmental  problems  would 
arise   (mostly,    of  a  local  or  regional 
character),    and  pollution  control  would 
be  costly.     Eventually,    the  accumula- 
tion of  atmospheric  CO2  might  prove 
intolerable,    and  the  further  use  of  fos- 
sil fuels  would  have  to  be  foregone  al- 
together.   If,    instead,    we  were  to  alter 
the  energy  production  process  to  rely 
mainly  on  nuclear  power,    we  would 
encounter  very  large  problems  of 
Plutonium  management,    radioactive 
waste  disposal,    and  reactor  safety. 
Construction  of  hydroelectric  dams 
also  causes  severe  environmental 
hazards.     In  these  respects,    there 
is  merit  in  the  argument  that  rapid 
growth  can  endanger  clean  environ- 
ment unless  appropriate  long-run 
safeguards  are  adopted.     By  the  same 
token,    however,    over  a  tinne  span  of 
decades,    fusion  power,    solar  power 
and  the  use  of  hydrogen- oxygen  fuel 
as   replacement  to  the  internal  com- 
bustion engine  could  drastically  alter 
the  pollution  problems  associated 
with  energy  production  (World  Bank) 


The  very  feasibility  of  fusion  power  is  not 
yet  proven,    eventual  economics  utterly  un- 
known.   Some  pollution  and  waste  problems 
caused  by  fusion  neutrons,    urardum  blankets 
and  certainly  from  tritium  would  show  up  even 
with  this  technique.     Fusion  would  be  on  the 
market  well  after  the  year  2000,    if  ever. 

Solar  energy  cost  is  presently  estimated  (by 
its  promoters)  at  tfen  times  the   'conventional' 
value.     There  are  space  and  storage  problems 
as  well  as  narrow  clinnate  limitations.     At  any 
rate   solar  energy  cannot  probably  become  of 
global  energetical     importance  before  the  end 
of  the  century.     As  again  it  may  be  the  time 
factor  which  could  become  decisive,    an  ex- 
ample for  substitution  delays  in  the  energy 
field  may  be  interesting:    nuclear  fission  reac- 
tors were  invented  in  1939,    proven  feasible  in 
1942,    first  power  use  in  1953,    commercial  in 
1966;    now,    33  years  after  their  invention,    nu- 
clear reactors  produce  about  3%  of  electricity, 
0.  7%  of  primary  energy,  it  is  hoped  to  pro- 
duce about  half  of  the  electricity  by  nuclear 
means  by  1990,    but  not  more  than  15%  of  pri- 
mary energy  (50  years  after  the  experimental 
demonstration  of  feasibility  and  with  some 
hundred  billion  dollars  spent  on  R   &   D,    partly 
military). 

Hydrogen  may  indeed  be  a  good  alternative  for 
car  engines  and   many  other  applications. 
Production  with  nuclear  energy  is  possible, 
although  today  utterly  uneconomic;  production 
efficiency  would  be  about  25%  using  electro- 
lysis,   about  40%  using  hypothetical  processes 
under  development  as  compared  to  about  90% 
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for  production  of  refined  products  from  fossil 
raw  materials.     At  any  rate  fossil  fuel  sub- 
stitution by  hydrogen  would  constitute  a  con- 
siderable increase  in  nuclear  energy  use  as  a 
primary  source,    with  corresponding  environ- 
mental problems  of  reactors,    nuclear  fuel 
cycle  and  waste  storage. 


The  model  assumes  that  there  is  a 
limit  to  the  amount  of  pollution  the 
world  can  absorb  in  a  year  and  that 
this  limit  is  four  times  the  pollution 
now  produced  annually.     There  is  ab- 
solutely no  scientific  evidence  to  sup- 
port such  a  conclusion.    Progressive 
pollution  levels  may  destroy  present 
concepts  of  living  during  the  next 
100  years,    but  the  model  builders 
marshall  little  scientific  evidence  to 
prove  it  will  destroy  life  itself 
(World  Bank) 


At  the  present  status  of  knowledge  the  as- 
sumption used  could  not  be  more  than  an 
'educated  guess'.     The  report  makes  clear 
that  its   consideration  of  the  pollution  aspects 
is  fractional  in  that  it  concentrates  exclu- 
sively on  the  accumulation  of  products  which 
are  non-biodegradable  or  decompose  very 
slowly  (e.g.    DDT  and  mercury).     Possibly 
the  ecologists  are  just  alarnnists,    although 
their  fear  of  an  overall  deterioration  of  living 
conditions  can  point  to  quite  a  few  tragic  ex- 
amples that  have  already  occurred.     We  just 
do  not  know  enough,    and  it  is  very  necessary 
to  undertake  long-term  research  on  these 
matters  immediately  so  as  to  have  some   real 
facts  as  a  basis  for  action  and  a  means  for 
rationalizing  hysterical  anxiety. 
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Te^chn£lo£^ 

Criticism  Answer 


A  sufficiently  large  and  exponential  The  answer  is  complex.    Basic  arguments 

increase  in  technology  will  solve  all  against  this  thesis  are  already  given  in  many 

food,    resources  and  pollution  prob-  of  the  above  points.     In  general,    it  may  be 

lems.  said  that  the  'optimistic'  critique  of  modern 

variants  of  'Malthusian'  arguments   rests  on 
the  belief  that  the   steady  technical  progress 
of  the  past  century  or  two  can  be  extrapolat- 
ed into  the  future,    and  be  directed  towards 
new  goals  with  equal  efficiency,    staving  off 
potential  catastrophies.     However,    this  op- 
timistic assumption  may  itself  be  vulnerable 
because  of  systematically  diminishing  returns 
to  investment  in  science,    technology  and  edu- 
cation,   as  indicated  in  the  paper.     Moreover, 
the  net  useful  output  of  new  industrial  tech- 
niques will  become   relatively  smaller  with 
the  need  to  devote  an  increasingpart  of  the  effort 
to  remedying  the  unwanted  consequences  of 
primary  techniques   (pollution,    degrading  of 
nature,    congestion  of  cities,    fe  rtilizer  and 
pesticide  effects,    etc.  ).    With  the  limitations 
to  the  possibilities  of  technology,    what  is  need- 
ed is  not  the  haphazard,    extemporary,    if  not 
military-oriented  advances  we  experience 
now,    but  a  set  of  science  policies  globally 
coordinated  to  attack  the  bottlenecks  and  weak 
points  endangering  our  overall  situation.    But 
this   rational  use  of  our  expanding  knowledge 
is   still  a  far  cry.     Technology's  creations 
still  obey  private  or  sectoral  interests,    not 
the  general  one. 


95-852  O  -  73  -  20 


Imperfections  of  the  Model 
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Criticism 


Answer 


The  model  has  a  very  high  level  of 
aggregation.     Averages  of  very  dis- 
similar variables  have  been  taken, 
a  procedure  which  can  give  extreme- 
ly misleading  results.     Also  the  num- 
ber of  feedback  loops  is  rather  low. 
(World  Bank) 


It  was  acknowledged  from  the  very  begin- 
ning that  the  first  study  is  of  a  'pilot'  nature 
and  that  there  would  be  inherent  difficulties 
in  interpreting  the  results  in  terms  of  real 
circumstances  in  different  countries  or  dif- 
ferent subassemblies  of  aggregated  para- 
meters.    As  to  the  fear  of  misleading  re- 
sults,  detailed  studies  under  way  will  show 
whether  the  way  in  which  the   'averaging' 
and  aggregation  has  been  done  really  af- 
fects the  general  conclusions.     The  feed- 
back loop  system  will  assuredly  be  perfect- 
ed in  later  model  generations.     Critics  and 
criticised  alike  should  endeavour  to  'de-bug' 
the  tool. 


At  least  a   'two-world'  nnodel  is  need- 
ed in  order  to  distinguish  between  the 
'developed'  and  the   'undeveloped' 
parts  of  the  world. 


This  belongs  to  the  'second  round'  studies 
now  under  way  as  indicated  in  the  paper. 
Lumping  together  so  many  different  coun- 
tries in  one  camp  or  the  other  would  how- 
ever be  equally  misleading.  Fu;-ther  dis- 
aggregations must  be  made  as  soon  as  re- 
liable statistics  and  other  data  are  availa- 
ble. 


A  major  flaw  in  the  analysis  lies  in 
the  total  absence  of  adjustment 
mechanisms  of  any  kind  in  the  mo- 
del.    That  is  not  how  real  social 
mechanisms  work.     Especially  in 
the  working  of  the  economy,    adjust- 
ment mechanisms  play  a  crucial 
role.     The  most  important  of  these 
is  price  (World  Bank). 


Some  adjustment  mechanisms  (like  birth 
rate  as  a  function  of  GNP)  have  been  intro- 
duced,   but  rather  few.     As  indicated  in  the 
paper,    real  social  mechanisms  do  adjust 
rather  insufficiently,   at  any  rate  with  a 
very  long  time  lag  which  has  turned  out  to 
be  too  long  with  respect     to  modern  growth 
and  change  rates  in  research,   technology, 
industrialization  and  urbanization,    for  in- 
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stance.     No  adjuBtment  mechanism  has  pre- 
vented the  untenable  situation  in  world  nu- 
trition,  in  private  transportation,   in  the 
cancerous  growth  of  metropolitan  areas 
filled  with  misery,   in  the  extreme  dispa- 
rity of  wealth  anaong  countries  and  within 
countries.     And  price  is  no  longer  a  valid 
regulator  in  many  fields;  it  is  often  estab- 
lished    by  factors  overruling  the  demand/ 
supply  relationship. 


In  the  case  of  industrial  capital,   the 
rate  is  defined  as  output  less  con- 
bumption,   agricultural  investment 
and  services  investnnentB  --  in  a 
sort  of  residual  theory  of  invest- 
ment which  is  not  in  accordance  with 
any  modern  theories  of  investment. 
Moreover,   the  average  lifetime  of 
capital  should  not  be  constant  but 
rather  a  function  of  level  of  develop- 
ment and  the  rate  of  growth  (World 
Bank). 


A  fairly  serious  objection  can  b« 
made  about  the  question  of  reversibi- 
lity. .  .     Since  virtually  all  of  the  rela- 
tions of  human  behaviour  with  respect 
to  income  level  have  only  been  observ- 
ed on  the  way  up,   the  model  is  serious- 
ly in  error  to  assume  symmetric  be- 
haviour. .  .     Data  shows  that  as  income 
rises  the  birth  rate  falls,   and  this  is 
incorporated  directly  In  the  Forrester 


For  a  given  output,   considering  investment 
in  agriculture  and  services  of  vital  import- 
ance,  the  freedom  of  choice  was  between 
consumption  and  industrial  investment.     In 
the  model  runs  which  assume  no  drastic 
change  of  policy  and  behaviour,   the  present 
propensity  to  Invest  industrially  and  aver- 
age lifetime  of  industrial  capital  stock  have 
been  considered.     In  some  other  runs,    sup- 
posing different  policies,   the  rates  of  In- 
vestment and  the  stock  lifetime  have  been 
modified  to  suit  a  more  equilibrated  beha- 
viour of  society  (e.  g.    longer  equipment  and 
product  lifetime).     It  is  important  to  note 
that  pollution  abatement  investments  have 
to  be  made  besides  industry,   in  the  other 
categories  as  well:    services  (e.  g.    traffic, 
pollution),   agriculture  (e.  g.    fertilizer  pollu- 
tion),   and  consumption  (e.  g.    household  pollu- 
tion from  heating,   detergents,    etc.).     How- 
ever,   more  sophisticated  Investment  and 
capital  lifetime  hypotheses  will  have  no  doubt 
to  be  applied  in  future  investigations. 

Thli  ii  another  field  in  which  ameliorations 
are  certainly  worthwhile,    A  partial  approach 
to  this  problem  has  already  been  realized  in 
the  original  model  using  mechanisms  of  'third 
order'  delays. 

As  to  the  example  of  birth  rate  as  a  function 
of  income  there  Is  considerable  evidence  that 
factors  such  as  instruction  and  habits  are 
less  important  than  the  degree  in  which  al- 
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model  and  indirectly  in  the  Meadows 
one.      One  would  expect,   however,  that 
on  the  way  down  with  income  the  birth 
rate  would  not  go  back  up  the  curve, 
but  rather  would  remain  at  very  low 
levels  perhaps  going  up  only  when  in- 
come reached  low  levels  or  when 
enough  tinne  had  passed  so  that  the 
high  income  habits  of  low  fertility 
had  been  forgotten  (World  Bank). 

A  model  is  sensitive  to  changes,    such 
as  the  inclusion  of  small  exponential 
rate  in  the  discovery  of  natural  re- 
sources and  pollution  abatement  tech- 
niques,   rather  than  using  linear  or 
step  functions. 


ternative  modes  of  personal  gratification 
exist  which  in  modern  societies  are  usually 
linked  to  income.      The  problem  is  thus  not 
so  much  one  of  reversibility  but  of  deter- 
mining and  qualifying  psychologically  re- 
levant factors,   which  are  insufficiently 
known  as  well  as  their  influence  on  indus- 
trial and  social  behaviour. 


This  is  true.     Such  inclusions  (with  the 
same  'time  integrated  content'  as  the  linear 
or  step  functions,    for  a  certain  period  of 
time)  nnay  in  fact  change  nnodel  behaviour 
from  'collapse'  into  a  milder  crisis.     It 
should  be  investigated  which  of  the  two 
modes  corresponds  more  to  reality. 


The  level  of  detail  in  the  different 
sub- systems  of  the  model  is  uneven. 


Future  disaggregation  of  the  initial  model 
and  the  replacement  of  major  variables  by 
distribution  functions  will  show  the  rele- 
vance of  this  imperfection.      This  and  oth- 
er criticisms  should  be  addressed  to  be 
body  of  infornnation  presently  available  on 
the  problennatique  and  attendant  phenonnena, 
rather  than  to  the  model  of  the  MIT  exer- 
cise. 


The  world  is  finite,   thus  it  is  impos- 
sible to  expect  the  population  of  the 
world  to  be  able  to  grow  exponential- 
ly without  stopping,    or  without  some- 
thing eventually  preventing  exponent- 
iality.     This  is  an  obvious  point. 
Malthus  told  us  this  in  17  98;  he  did 
not  need  the  MIT  computer. 


True  (but  arrogant).      Connnnent:     That  Mal- 
thus did  not  need  the  MIT  computer  is  irre- 
levant.     He  did  not  have  it  at  his  disposal. 
Wouldn't  he  have  liked  to  know  more  about 
the  dynannics  of  the   'world  system'  and, 
about  the   relative  importance  and  the  inter- 
action of  various  parameters? 


Presumed  Remedial  Policies 
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Criticisni 


Answer 


One  is  not  talking  about  something 
within  the  scope  of  human  experience 
that  millions  of  people  will  willingly 
accept  a  cut  in  their   living  standards. 


Many  countries  have  in  the  past  considerably 
reduced  their  standard  of  life  (and  much  more 
than  that)  when  under  threat  of  war  or  natural 
calamities.     But  even  independently  of  excep- 
tional periods:   restricting  attention  to  mate- 
rial standards  of  living  alone  appears  to  many 
already  as  diminishing  the  quality  of  life. 
Social  aspects  were  deliberately  excluded  from 
the  first  study;  and  their  consideration  would 
in  fact  make  the  picture  at  once  darker,    but 
at  the  same  time  pave  the  way  for  acceptance 
of  different  value  systems  away  from  the  mere- 
ly material.     It  is  not  surprising  that  countries 
of  both  high  industrial  and  population  density 
have  been  more  moved  by  the  report  than 
emptier  areas  of  the  world.     Future  studies, 
including  some  already  begun  in  Japan,    are 
concentrating  on  the  social  issues  since  it  is 
fully  appreciated  that  the  attitude  of  individuals 
in  societies  will  inevitably  greatly  influence 
demand  for  or  rejection  of  the  type  of  policy 
solutions  suggested  by  the  report. 


It  is  difficult  or  even  impossible  to 
conceive  of  continued  substantial  eco- 
nomic growth  in  the  poor  countries  in 
general  taking  place  in  a  context  of 
economic  stagnation  in  the  industrial- 
ized world. 


Withing  the    present  framework,    it  is  im- 
possible.   We  have  to  use  our  imagination, 
all  our  political  will,    all  our  energies  to 
change  that  framework.     If  we  are  not  able  to 
change  the  framework  one  doesn't    see    how 
this  world-  -  underdeveloped  and  developed  -  - 
can  go  on. 


A  cut  in  the  standard  of  living,    even 
in  an  industrialized  country,      will 
mean  severe  hardship  for  the  dis- 
advantaged members  of  society. 


Correct  for  a  truly  capitalist  society.     May  one 
then  ask  whether  a  society  with  material  pro- 
fit as  its  main  motivation  can  find  a  place  in  a 
homeostatic  world,    anyway?     This  does  by  no 
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Growth  has  been  an  essential  attrib- 
ute of  capitalism  since  its  concep- 
tion in  the  late  Middle  Age,  and  it  is 
questionable  whether  the  liberties  of 
individuals  and  business  could  be  pre- 
served in  the  context  of  a  no- growth 
world.    (Leonard  Silk) 


means  imply  that  communist  countries,    as 
they  exist  today,    could  easily  change  direc- 
tion versus  an  'equilibrium  society'. 

It  is.     In  the  past,    individual  freedom  has 
proved  to  be  a  good  slogan  to  implement  and 
maintain  slavery  and  exploitation,    giving 
every  possibility  to  the  strong,    the  reckless, 
and  the  privileged,    leaving  the  handicapped, 
the  morally  inhibited  and  the  underprivileged 
open  not  only  to  arbitrariness  but  even  to 
contempt.     What  of  today?    Equal  freedom  for 
all  should  be  our  goal.     But  optimum  indi- 
vidual freedom  for  all  cannot  be  but  freedom 
limited  by  social  responsibility,    a  linnitation 
negative  only  in  appearance. 


'Profit'  is  the  essential  motivational 
force  of  man. 


It  gave   rise  to  the  Divina  Connmedia,    the 
Ninth  Symphony,    the  Monna  Lisa,    and  polio- 
serum.     It  really  did!    Only  the  kind  of  profit 
in  these  cases  has  been  essentially  non-ma- 
terial satisfaction,    the   respective  incentives 
being  cultural,    spiritual  or    social.     The  whole 
concept  of  'profit'  must  be   revised,    and  its 
different  kinds  placed  in  a  different  order  in 
the  scale  of  social  values. 


If  growth  is  "a  substitute       for  eco- 
nomic equality",    then  stopping  growth 
implies  freezing  the  existing  world 
distribution  of  income  (Wallich) 


If  growth  is  a  substitute  for  economic  equali- 
ty,   why  not  substitute  the  substitute  by  the 
real  thing?     The   carrot  swinging  before  the 
nose  of  man  may  prove  to  be  more  perturb- 
ing than  Damocles'   sword. 


'Limits'  predicts  hell  in  50  years. 
Hell  is  already  present  on  Earth  in 
places  such  as  Calcutta. 


No  comment. 


Note:  This  point  and  counterpoint  analysis  is  largely  unprofessional.     The  authors 

apologize  if  they  have  misinte  rpreted  some  of  the  critical  observations  listed 
here,    or  omitted  more  relevant  ones  or  given  irrelevant  answers.    Their 
purpose  was  not     one  of  rebuttal.     They  wanted  inte  r  alia  to  show  that  contro- 
versy on  details  may  be  endless  and  sterile,    and  even  offuscate  the  visionof  t.he 
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drama  and  the  stage  in  which  man's  fortunes  are  played  out.     And  they  hope 
that  many  of  the  critics  will  turn  their  talents  to  the  constructive  task  of  ex- 
ploring what  we  all  --  the  protagonists   --   should  do  to  play  our  part  right. 


300 


Annex  C 


SOME  HIGHLIGHTS  OF  THE  GROWTH  DEBATE 


9  February  1  972 

Letter  from  Mr.  Sicco  Mansholt  (at  that  time  European  Commissioner)  to  the 
Chairman  of  the  Commission  of  the  European  Communities,    making  explicit 
reference  "to  the  study  performed  by  the  Systems  Dynamics  Group  of  MIT". 
He  declared  that  faced  with  such  a  problematique  "the  cause  would  be  lost  if 
Europe   refused  to  take  the  initiative",    as  according  to  him  "the  United  States 
do  not  have  the  necessary  political  force  to  guide  the  world  towards  a  solu- 
tion".     He  asks  for  birth  control  also  in  highly  developed  countries.      As  to 
economic  aspects,    he  questions  the  possibility  of  implementing  the  necessary 
measures  and  maintaining  the  present  structure  of  society;    he  excludes,    how- 
ever,   state  socialism  as  a  possible  solution.      His  main  point  is  to  demand 
that  we  do  not  "orient  any  more  our  economic  system  towards.  ...    a  maxi- 
mization of  the  Gross  National  Product  (GNP)  but  to  replace  the  latter  instead 
by  the   'Gross  National  Utility'  (GNU)".      To  this  end  he  proposes  a  European 
General  Economic  Plan  and  a  five-year  plan  for  the  development  of  a  'clean 
and  recycling'  (CR)  production  system.      He  suggests  that  the  Commission 
implement  a  system  of  CR  production  certificates  and  corresponding  fiscal 
and  tax  measures,    promote  the  durability  of  consumption  goods,    create  a 
European  distribution  system  for  raw  materials,    and  orient  research  towards 
a  'utility'   rather  than  a  'growth'  goal. 

This  letter  raises  considerable  controversy  which  reaches  its  culminating 
point  in  April  1972  on  the  occasion  of  the  French  referendum  on  the  enlarge- 
ment of  the  European  Community,    right-wing  GauUists  and  the  French  Com- 
munist Party  being  the  most  hostile  to  Mr    Mansholt's  theses. 
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(M.  Debre:  "The  members  of  the  Commission  are  not  politically  responsible"; 
G.  Marchais:  "A  Europe  of  misery  and  economic  repression").      Other  politi- 
cal tendencies  show  in  general  careful,    sometimes  even  warm  approval  of 
Mansholt's  principles,    the  main  reservations  being  those  concerning  his 
proposals  for  concrete  action. 

April  1972 

Conference  of  the  Commission  of  the  European  Communities  in  Venice  on  the 
theme   'Industry  and  Society',    with  Chairman  Mansholt's  theses  in  the   centre 
of  interest.      Contrary  to  Mr.    Mansholt,    European  Commissioners  Barre  and 
Spinelli  prefer  the  line  of  the  'technological  fix'  in  a  traditional  economy. 

May  1972 

The  'Rencontres  Internationales'  organized  in  Paris  at  the  initiative  of  Valery 
Giscard  d'Estaing  with  the  Club  of  Rome  themes  as  the  centre  of  the  discus- 
sion,   and  the  participation  among  others  of  Swedish  Prinne   Minister  Palme, 
President  Senghor  of  Senegal,    Chairman  Mansholt  and  Vice-Chairman  Barre 
of  the  Commission  of  the  European  Communities,    Roger  Garaudy,    Professor 
Herman  Kahn,    John  Kenneth  Galbraith  and  Bertrand  de  Jouvenel).      The  need 
for  a  new  kind  of  growth,    a  'humanized  growth',    is  generally  endorsed. 

May  1972 

UNCTAD  Conference  in  Santiago  de  Chile  with  questions  of  growth  limitations, 
necessity  of  a  global  approach  and  equilibrium  between  developing  and  devel- 
oped countries,    on  the  agenda. 
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June   1972 

UN  Conference  on  the  Human  Environment  in  Stockholm.  The  third  point  of 
the  Final  Declaration  reflects  many  of  the  ideas  which  led  to  the  'limits'  re- 
search: 

"Man  has  constantly  to  sum  up  experience  and  go  on  discovering,    inventing, 
creating  and  advancing.       In  our  time,    man's  capability  to  transform  his  sur- 
roundings,   if  used  wisely,    can  bring  to  all  peoples  the  benefits  of  develop- 
ment and  the  opportunity  to  enhance  the  quality  of  life.      Wrongly  or  heedless- 
ly applied,    the  same  power  can  do  incalculable  harm  to  human  beings  and  the 
human  environment.      We  see  around  us  growing  evidence  of  man-made  harm 
in  many  regions  of  the  earth:    dangerous  levels  of  pollution  in  water,    air, 
earth  and  living  beings;    major  and  undesirable  disturbances  to  the  ecological 
balance  of  the  biosphere;    destruction  and  depletion  of  irreplaceable   resources; 
and  gross  deficiences  harmful  to  the  physical,    mental  and  social  health  of  man, 
in  the  man-made  environment,    particularly  in  the  living  and  working  environ- 
ment". 

July  1972 

UNESCO  meeting  of  experts  on  science  policy  selected  by  Governments  of  the 
European  Member  States,    in  Budapest.       The  Committee  of  Experts,    recog- 
nizing that  "the  pattern  of  world  needs  and  resources  is   such  that  national 
long-term  planning  can  no  longer  be  conceived  of  solely  in  terms  of  increas- 
ed material  prosperity,    if  only  because  this  framework  gives  insufficient 
weighting  to  conditions  which  will  critically  affect  the  future  quality  of  man's 
life",    recommends,    as  a  matter  of  urgency  "to  stimulate  the  study  of  socio- 
economic development  phenomena  in  an  expanded  framework,    linking  these 
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phenomena  with  the  study  of  all  natural  processes  and  equilibria  relevant  to 
man's  existence  and  the  quality  of  that  existence". 

July  1972 

UNESCO- sponsored  Symposium  in  Holland  on  'Young  Scientists  and  Contem- 
porary Society',    organized  by  the  World  Federation  of  Scientific  Workers, 
marks  a  real  rupture  with  the  spirit  of  the   'old  generation'.       The  fragmen- 
tary character  of  today's  sciences,  the  absence  of  an  opening  towards  world  prob- 
lems and  the   'elitist'   character  of  scientific  institutions  are  criticized.       The 
notion  of  'soft  technology'  is  created:    labour-intensive,    mentally  satisfying, 
ecology-preserving  techniques.       The   MIT  study  is   somewhat  criticized  for 
not  having  dealt  with  the  waste  of  armaments  and  for  placing  too  much  em- 
phasis on  resource  linnitations   rather  than  stating  that  the   real  root  of  most 
ills  is  a  crisis  of  civilization:    a  single  deep-lying  problem  with  many  diverse 
symptoms.      This  coincides  with  the  Club  of  Rome  thinking. 

July  1972 

Resolution  of  the  European  Parliament  in  Strasburg  on  Environmental  Pro- 
tection,   endorsing  several  of  the  theses  of  Chairman  Mansholt  based  on 
'limits'. 

July  1972 

At  the  22   Meeting  of  Nobel  Prize  Winners  at  Lindau,    the  German  Chancellor, 
Willy  Brandt,    states  with  reference  to  the  MIT  study  and  other  investigations: 
"Above  all  one  has  to  be  ready  --as  long  as  there  is  yet  time   --    to  renounce 
certain  pleasures  of  civilization,    to  abandon  traditional  legal  positions  and 
even  to  get  rid  of  a  whole  herd  of  sacred  cows". 
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June    1972 

UN  Conference  on  the  Human  Environment  in  Stockholm.  The  third  point  of 
the  Final  Declaration  reflects  many  of  the  ideas  which  led  to  the  'limits'  re- 
search: 

"Man  has  constantly  to  sum  up  experience  and  go  on  discovering,    inventing, 
creating  and  advancing.       In  our  time,    man's  capability  to  transform  his  sur- 
roundings,   if  used  wisely,    can  bring  to  all  peoples  the  benefits  of  develop- 
ment and  the  opportunity  to  enhance  the  quality  of  life.      Wrongly  or  heedless- 
ly applied,    the  same  power  can  do  incalculable  harm  to  human  beings  and  the 
human  environment.      We   see  around  us   growing  evidence  of  man-made  harm 
in  many  regions  of  the  earth:    dangerous  levels  of  pollution  in  water,    air, 
earth  and  living  beings;    major  and  undesirable  disturbances  to  the  ecological 
balance  of  the  biosphere;    destruction  and  depletion  of  irreplaceable  resources; 
and  gross  deficiences  harmful  to  the  physical,    mental  and  social  health  of  man, 
in  the  man-made  environment,    particularly  in  the  living  and  working  environ- 
ment". 

July  1972 

UNESCO  meeting  of  experts  on  science  policy  selected  by  Governments  of  the 
European  Member  States,    in  Budapest.       The  Committee  of  Experts,    recog- 
nizing that  "the  pattern  of  world  needs  and  resources  is   such  that  national 
long-term  planning  can  no  longer  be  conceived  of  solely  in  terms  of  increas- 
ed material  prosperity,    if  only  because  this  framework  gives  insufficient 
weighting  to  conditions  which  will  critically  affect  the  future  quality  of  man's 
life",    recommends,    as  a  matter  of  urgency  "to  stimulate  the  study  of  socio- 
economic development  phenomena  in  an  expanded  framework,    linking  these 
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phenomena  with  the   study  of  all  natural  processes  and  equilibria  relevant  to 
man's  existence  and  the  quality  of  that  existence". 

July  1972 

UNESCO-sponsored  Symposium  in  Holland  on  'Young  Scientists  and  Contem- 
porary Society',    organized  by  the  World  Federation  of  Scientific  Workers, 
marks  a  real  rupture  with  the  spirit  of  the   'old  generation'.       The  fragmen- 
tary character  of  today's  sciences,  the  absence  of  an  opening  towards  world  prob- 
lems and  the   'elitist'   character  of  scientific  institutions  are  criticized.       The 
notion  of  'soft  technology'  is   created:    labour-intensive,    mentally  satisfying, 
ecology-preserving  techniques.       The   MIT  study  is   somewhat  criticized  for 
not  having  dealt  with  the  waste  of  armaments  and  for  placing  too  much  em- 
phasis on  resource  limitations  rather  than  stating  that  the   real  root  of  most 
ills  is  a  crisis  of  civilization:    a  single  deep-lying  problem  with  many  diverse 
symptoms.       This  coincides  with  the  Club  of  Rome  thinking. 

July  1972 

Resolution  of  the  European  Parliament  in  Strasburg  on  Environmental  Pro- 
tection,   endorsing  several  of  the  theses  of  Chairman  Mansholt  based  on 
'limits'. 

July  1972 

At  the  22  Meeting  of  Nobel  Prize  Winners  at  Lindau,    the  German  Chancellor, 
Willy  Brandt,    states  with  reference  to  the  MIT  study  and  other  investigations: 
"Above  all  one  has  to  be  ready  --as  long  as  there  is  yet  time  --    to  renounce 
certain  pleasures  of  civilization,    to  abandon  traditional  legal  positions  and 
even  to  get  rid  of  a  whole  herd  of  sacred  cows". 
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Mid- 1972 

US  Department  of  Commerce  commissions  a  special  study  in  response  to 
'limits'.       At  that  time   Mr.    Elliot  Richardson,    Secretary  of  the  US  Depart- 
ment of  Health,    Education  and  Welfare,    had  already  declared:   "   'The  Limits 
to  Growth'  must  be  taken  seriously  even  if  only  half  of  its  assertions  prove 
true". 

September  1972 

Critical  report  on  'limits'  prepared  by  a  task  group  of  the  World  Bank.       Its 
main  critical  arguments  are  dealt  with  in  this  paper.      World  Bank  President 
Robert  S.  McNamara,    declared  in  1971,    in  a  different  context:    "The  marginal 
men,    the  wretched  strugglers  for  survival  on  the  fringes  of  farm  and  city, 
may  already  number  more  than  half  a  billion.       By  1981,    they  will  surpass  a 
billion;   by  1990,    2  billion.      Can  we  imagine  any  human  order  surviving  with 
so  gross  a  mass  of  misery  piling  up  at  its  base?". 

October   1972 

Russell  Train,    Chairman  of  the  US  Council  on  Environmental  Quality,    ex- 
plicitly endorses   The  Club  of  Rome  approach  as  a  guideline  for  the  future. 

"A  question  to  which  we  must  address  ourselv<es  is  the  limits  of  the  carrying 

capacity  of  the  earth  itself I  suggest  that 

we  inquire  into  the  ability  of  our  institutions  to  cope  with  change,    to  get  food 
and  fiber  products  to  where  people  are,    and  to  protect  us  from  some  of  our 
own  breakthroughs  when  ,    for  example,    a  green  revolution  proves  vulnera- 
ble to  insects,    or  enhanced  agricultural  productivity  causes  farmers  to 
inundate  the  cities  in  search  of  work We  must  ask  whether 
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the  market  allocates  long-term  needs    in  an  effective  manner  of  whether 
prices  only  rise  when  a  resource  is  close  to  depletion.       Instead  of  dismiss- 
ing these  nnatters  with  an  ideological  reflex,    we  nnust  apply  careful  analysis, 
for  it  is  by  no  means  clear  that  the  marketplace  and  technology  will  solve  all 

of  our  problems  in  an  even-handed  manner Another  issue  we 

face  is  how  to  develop  technology  in  such  a  way  as  to  make  use  of  its  benefits 
while  at  the   same  tinne  anticipating  potentially  harmful  side  effects  and  taking 
those  actions  which  reduce  the  risk  of  developing  technology.       The  problem 
is  particularly  severe  in  that  the  side  effects  are  often  second  or  third  order, 
their  anticipation   difficult,    and  the  development  of  adequate  safeguards  com- 
plex. 

All  of  these  questions  suggest  that  we  must  improve  our  ability  to  understand 
the  future.      This  means  not  only  better  projections  of  future  trends,    but  a 
more  profound  understanding  of  the  interrelationship  among  a  wide  variety 
of  factors  such  as  population,    food,    industrial  growth,    resources  and  pollu- 
tion  Indeed,    we  must  act  as    'one  World'  . 

October   1972 

Press  Conference  by  Giovanni  Agnelli,    Chairman  of  Fiat,    at  the  Turin  Motor 
Show: 

".   .   .   .   Many  of  the  conclusions  of  the   MIT  I  find  particularly  stimulating  even 
if  reality  is  perhaps  much  more  complex  than  the  model  introduced  into  the 
computer.      At  any  rate,    I  hope  that  there  will  develop  around  them  not  only 
controversies  but  also  studies  and  concrete  projects  to  create  tools  for  the 
control  of  the  possibly  negative  effects  of  the  most  advanced  technologies 
without  thereby  sacrifying  the  forces  of  economic  and  social  development,    which 
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is   still  needed  by  such  a  great  part  of  the  world  in  order  to  eliminate  its  old- 
est ills:    hunger,    ignorance  and  endemic  diseases". 

October   1972 


The  first  'Information  Week'  organized  by  the   Japanese  Government  to  launch 
the  plan  to  transform  Japanese   society  into  a  'knowledge -information  society'. 
This  and  many  other  attitudes  in  Japan  with  respect  to  the  future  are  to  a  large 
extent  inspired  by  The  Club  of  Rome  thinking. 

November  1972 

The  Second  Symposium  on  economic  and  legal  questions  of  environmental  pro- 
tection (University  of  St.  Gallen,    Switzerland)  deals  with  the  problem  of  the 
direction  and  ends  of  economic  growth,    with  'limits'  as  the  hub  of  the  discus- 
sion.     Well- renowned  national  economists  like  Prof.    Francesco  Kneschaurek, 
who  were  thought  to  take  the  stand  of  traditional  growthism,    pleads  for  quali- 
tative rather  than  quantitative  growth  and  qualifies  the  ecological  controversy 
as  being  "too  often  emotionally  overcharged,    ideologically  biased  and  filled 
with  cliches   stemming  partly  from  political  opportunism,    partly  from  simple 
hypocrisy".      Even  more   critical  towards  the  conventional  concept  of  economic 
growth  are  Prof.    Emil  Ktlng  and  Prof.    Josuah  Werner. 

November   1972 


Quality  of  life  and  a  new  kind  of  growth,    as  opposed  to  the  goals  of  a  society 
of  consumption  ('growth  fetishism')  and  to  artificially  stimulated  material  aims, 
are  points  to  be  found  in  the  election  program  of  the  German  Social  Democratic 
Party. 
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November-December  1972 

During  the  elections  in  the  Netherlands,    'linnits'  and  even  'zero  growth'  theses 
are  among  the  major  issues. 

January-February  1973 

US  Congressional  Hearings  scheduled  for  three  to  four  weeks  in  the  House  of 
Representatives  on  'Growth  and  the  American  Future'. 

February  1973 

Meeting  of  the  Ontario  Research  Foundation  in  Toronto,    Canada,    on  aspects 
of  the  Predicament  of  Mankind. 

March  1973 

The  American  Association  for  Higher  Education  has  selected  as  its  principal 
theme  for  its  annual  convention  the  implications  of  '  The  Limits  to  Growth  ' 
for  planning  in  American  Universities. 


AND  SO  ON. 
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A  Summary  of  Limits  to  Growth  - 
its  Critics  and  its  Challenge 


Donella  H.  and  Dennis  L.  Meadows 


This  discussion  was  originally  presented  at  Yale  University,  September,  1972, 
in  the  School  of  Forestry's  symposium  on  limits  to  growth.   An  extended 
version  of  the  text  appeared  in  Futures,  February  1973. 


) Dennis  Meadows,  1973 
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Introduction 

Over  the  past  two  years  we  have  worked  with  a  group  of  scientists  and 
students  to  understand  the  long-term  causes  and  consequences  of  growth  in  the 
globe's  population  and  material  output.   From  our  research  we  have  been  led  to 
conclude  that  current  growth  rates  cannot  be  sustained  even  for  the  lifetimes 
of  the  children  being  born  today.   If^  society  maintains  its  current  reliance  on 
growth  to  solve  short-term  problems,  we  believe  that  population  and  material 
production  will  grow  past  sustainable  limits,  that  the  carrying  capacity  of 
the  earth  will  be  eroded,  and  that  there  will  then  be  an  uncontrolled  decline 
in  population  and  economic  activity.   However,  this  outcome  does  not  appear 
inevitable.   Mankind  could  instead  begin  to  assess  realistically  the  limits  to 

material  qrowth.   Society's  aoals  and  instituions  could  be  altered  to 

reduce  growth  now  and  to  move  ultimately  towards  an  orderly  accommodation  with 

the  finite  constraints  of  the  globe.   If  these  changes  were  made,  it  would 

probably  be  possible  to  sustain  the  world's  population  more  or  less  indefinitely 

and  to  provide  for  all  its  basic  needs. 

Our  view  of  growth  and  its  consequences  were  developed  through  the  construction 

of  World3,  a  mathematical  model  of  the  physical,  biological,  psychological, 

geological  and  other  causes  underlying  growth.   Many  objections  have  been  raised 

to  our  approach  and  results.   In  this  presentation  we  would  like  to  describe  the 

history  of  our  work,  to  summarize  the  basic  foundations  of  our  thesis,  and  to 

respond  to  the  most  common  criticisms  of  our  conclusions. 

Historical  Summary 

With  the  publication  of  World  Dynamics  ,  Professor  Jay  W.  Forrester 
challenged  the  world's  scientists  and  decision  makers  to  extend  their  time 
horizons  and  to  examine  in  holistic  fashion  the  long-term  causes  and  consequences 
of  growth  in  the  world's  population  and  material  output.   To  contribute  to  analysis 
and  understanding  of  global  problems  Forrester  proposed  a  formal  model  of  the 
interactions  among  population,  capital,  and  several  factors  that  influence  their 
growth:   food,  resources,  and  pollution.   Recognizing  that  his  model  was  not 
perfect  or  complete,  Forrester  emphasized  that  no  perfect  or  complete  model 
exists,  and  that  the  models  on  which  decisions  are  now  based  are  not  even 
explicit  enough  to  be  discussed  and  improved: 
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2 .   There  are  physical  limits  to  population  and  capital  growth.   The 
World  models  are  built  upon  the  Malthusian  assumption  that  the  earth  is  finite, 
and  that  some  change  in  current  exponential  growth  processes  will  thus  be 
necessary  to  accomodate  man's  physical  presence  and  activities  to  the  earth's 
limits.   The  purpose  of  the  models  is  to  investigate  what  kinds  of  changes 
might  and  should  occur.   We  chose  to  investigate  a  Malthusian  view  of  a  limited 
world  because  our  own  impressions  and  much  empirical  data  suggest  that  the  world 
is  finite  in  several  important  ways.   It  seems  to  us  not  only  more  realistic, 
but  more  socially  responsible  and  more  useful  to  investigate  the  ways  in  which 
society  might  adjust  itself  to  earthly  limitations,  rather  than  to  assume  away 
all  such  limitations. 

The  World  models  express  the  idea  of  the  earth's  limits  through  four 
explicit  assumptions :   there  is  a  finite  stock  of  exploitable  nonrenewable 
resources,  there  is  a  finite  capacity  for  the  environment  to  absorb  pollutants, 
there  is  a  finite  amount  of  arable  land,  and  there  is  a  finite  yield  of  food 
obtainable  from  each  hectare  of  arable  land.   No  one  has  exact  information  about 
where  these  limits  are.   In  fact  it  is  probably  impossible  to  express  any  one 
of  these  limits  by  a  single  number  since  they  all  vary  with  time.   We  know  that 
to  a  certain  extent  they  are  expandable  by  technology.   We  also  know  that  they  can 
be  reduced  by  misuse. 

By  attempting  to  represent  the  world's  limits  and  the  growth  of  the  physical 
system  toward  them  we  did  not  expect  to  gain  any  more  precise  information  about 
the  location  or  values  of  the  limits  themselves.   We  did  try  to  achieve  two 
other  purposes.   First,  we  sought  a  freimework  in  which  many  growth  processes 
and  limits  could  be  considered  together,  to  illustrate  that  solutions  proposed 
for  any  one  problem  related  to  growth  are  meaningless  without  considering  the 
system  as  a  whole.   The  traditional  approach  of  specialists  in  any  one  area,  for 
example,  resource  economics,  food  production,  or  environmental  deterioration, 
amply  illustrates  how  easily  any  single  resource,  food,  pollution,  or  population 
problem  can  be  mentally  "solved"  by  assuming  that  sufficent  capital,  energy, 
labor,  land,  material  and  time  can  be  allocated  to  that  one  problem.   Because 
they  are  holistic,  the  World  models  force  one  to  explore  the  possibility  that 
several  of  these  problems  may  have  to  be  solved  simultaneously.   We  are  interested 
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in  that  possibility  because  our  perception  of  exponential  growth  indicates 
to  us  that  these  problems  will  not  come  slowly,  one  at  a  time. 

Our  second  concern  was  to  represent  not  only  the  forces  that  can  increase 
the  earth's  carrying  capacity  for  human  activity  but  also  the  forces  that  can 
reduce  it.   From  our  Malthusian  point  of  view.  Western  man  is  entirely  too  prone 
to  rejoice  in  his  newly-irrigated  land,  underwater  oil-drilling  rigs.  Green 
Revolutions,  and  catalytic  converters  and  to  ignore  the  eroded,  salinized, 
or  strip-mined  land,  the  dumps  of  wasted  resources,  the  depleted  ore  bodies, 
the  simplified  ecosystems,  and  the  deprivation  of  other  humans  in  other 
cultures  that  he  leaves  in  the  wake  of  his  "progress".   The  World  models 
contain  assumptions  of  possibilities  for  considerable  future  progress,  but 
they  also  take  into  account  mankind's  fallibility.   They  assume  that  the  limits 
can  be  pushed  downward,  as  well  as  upward,  by  man's  activities. 

There  are,  of  course,  other  limits  we  have  not  included  in  the  World  models. 
The  most  obvious  omissions  are  the  limits  to  the  sustainable  rate  of  use  of 
renewable  resources  -  fresh  water,  timber,  fish,  and  game   for  example.   We  also 
recognized  the  importance  of  social  limits,  but  omitted  them  from  specific 
analysis.   We  stated  in  Limits  (pp.  45-46)  that  social  limitations  (unjust 
distribution,  waste,  wars)  would  only  decrease  the  possibilities  for  growth 
allowed  by  physical  limits. 

3.   There  are  long  delays  in  the  feedback  processes  that  control  the  rate 
of  physical  growth  in  the  world  system.   Delays  are  the  main  source  of  instcibility 
in  the  global  system.   When  rapid  growth  is  coupled  with  a  long  delay  between 
cause  and  effect,  the  growth  may  proceed  far  beyond  sustainable  limits  before 
the  effects  that  can  stop  it  come  into  play.   We  have  not  assigned  that  mankind  is 
unresponsive  to  the  changing  situation  around  him.   We  have  simply  assumed  that 
social  institutions  respond  only  to  situations  about  which  they  have  information, 
that  the  information  they  act  on  is  often  incomplete  and  late,  and  that  the 
social  response  is  not  immediate  but  is  itself  delayed.   The  response  delay  can 
be  caused  by  political,  physical,  or  biological  processes.   It  is  increased  by 
the  time  required  to  invent/construct/test/perfect  new  technologies.   Many 
response  delays  are  beyond  control,  such  as  the  delays  inherent  in  the  population 
age  structure  or  in  the  propagation  of  persistent  materials  through  the  environment. 
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The  combination  of  three  major  assumptions  causes  the  "overshoot  mode" 
of  the  models:   the  assiunption  of  feedback  delays,  the  assumption  of  limits 
to  the  earth's  carrying  capacity,  and  the  assumption  that  the  human  value 
system  will  promote  population  and  material  growth  until  counteracted  by  very 
strong  forces.   When,  in  the  "equilibrivim"  mode,  we  assume  a  change  in  man's 
value  system  in  favor  of  stability  and  against  sustained  population  and  capital 
growth,  the  overshoot  no  longer  occurs.   The  overshoot  could  also  be  eliminated, 
or  minimized,  by  assianing  that  the  society  ccin  avoid  the  implications  of 
delays  by  conducting  accurate  long-term  planning.   Of  course  our  purpose  in 
publishing  Limits  was  to  encourage  both  the  value-change  and  the  long-term 
planning  processes. 

4.   There  are  two  possible  social  responses  to  the  limits  to  growth; 
weaken  growth  forces  or  remove  the  symptoms  of  impending  limits.   The  common 
response  of  modern  social  systems  to  the  pressure  caused  by  limitation  of  any 
resource  is  to  remove  the  pressure  so  that  growth  can  continue.   Highways  are 
jammed;  build  more  highways.   Copper  reserves  are  depleted;  import  copper. 
Electric  power  is  insufficient;  develop  nuclear  power  plants.   People  are 
hungry;  buy  fertilizer. 

It  is  only  very  recently  and  very  weakly  that  an  alternative  set  of 
solutions  has  been  seriously  proposed;  reduce  the  use  of  automobiles,  use  less 
electric  power,  extend  the  useful  lifetime  of  material  goods,  have  fewer 
children.   This  second  set  of  responses  recognizes  that  the  problem  to  be  solved 
is  not  scarcity  of  a  specific  resource;  highways,  copper,  power  or  food.   These 
scarcities  are  symptoms,  or  signals,  of  the  underlying  problem;  population  and 
material  growth  against  a  finite  resource  base.   The  first  set  of  responses  serve 
to  remove  temporarily  the  adverse  symptoms  of  growth.   If  they  are  not  accompanied 
by  responses  of  the  second  type,  that  weaken  the  social  values  causing  growth, 
further  growth  will  eventually  cause  different  resource  scarcities.   These 
scarcities  will  call  for  additional  technological  solutions  to  remove  the  signals 
of  impending  resource  limits.   The  real  danger  of  responses  of  the  first  type, 
responses  that  ease  the  symptoms  of  the  problem  is  that  they  are  often  used  to 
discourage  responses  of  the  second  type,  those  that  control  growth  itself.  The 
more  successfully  the  signals  of  resource  scarcity  are  masked  and  denied,  the 
more  likely  it  is  that  the  necessary  social  value  change  will  come  too  late. 
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As  we  stated  in  Limits,  we  have  no  desire  to  stop  the  development  of 
technology.   Combined  with  the  necessary  value  changes  that  will  control  physical 
growth,  carefully  selected  new  technologies  can  create  magnificient  possibilities 
for  human  society.   We  are,  however,  concerned  that  technologicc;!  buccesses 
have  almost  invariably  been  used  to  enhance,  rather  than  reduce,  the  strengths 
of  the  positive  population  and  capital  feedback  loops  that  drive  the  global 
system.   We  do  not  oppose  technology.   We  do  oppose  the  present  tiend  of 
technological  "progress"  that  is  not  only  poorly  guided  by  social  wisdom  or 
restraint,  but  is  used  as  an  excuse  not  to  develop  that  wisdom  or  restraint. 

5.   The  equilibrium  state  may  be  a  desirable  option,  wherever  the  limits 
to  growth  may  be.   It  is  not  necessary  to  agree  with  the  World  models  or  to 
believe  in  the  imminence  of  any  physical  limits  to  growth  to  become  intrigued 
by  the  nature  and  potential  of  an  equilibrium  state.   An  equilibrium  state  is 
a  society  that  has  stabilized  its  population  at  a  desired  level  and  that 
supplies  its  material  needs  with  a  minimum  throughput  of  nonrenewable,  pollution- 
creating  resources.   Limits  ends  with  a  rather  Utopian  description  of  such  a 
state.   We  sincerely  believe  that  some  form  of  deliberate  material  and 
population  equilibrium  is  attainable,  not  immediately , but  within  a  generation 
or  two.   We  also  believe  that  the  exercise  of  understanding  and  planning  how  such 
a  state  might  work  is  both  exciting  and  useful  in  that  it  might  provide  the 
realistic,  sustainable,  long-term  goal  that  is  now  lacking  in  nearly  every  part 
of  world  society.   It  seems  impossible  to  us  that  material  growth  can  be 
successfully  controlled  unless  there  is  some  well-defined  goal  towards  which  it 
may  be  directed.   There  is  no  way  of  deliberately  changing  the  composition  of 
growth  or  its  distribution  unless  there  is  a  clear  vision  of  what  growth  is  for . 
The  specifics  of  the  goal  will  change  and  develop  as  more  is  learned  about  the 
world.   We  feel  that  it  is  only  important  to  have  such  a  goal  and  to  keep  it 
consistent  with  present  knowledge. 

The  idea  of  a  physically  non-growing  society  is  so  foreign  to  some  people 
that  they  have  invested  the  idea  with  some  strange  mental  models  of  their  own. 
They  have  suggested  that  an  economy  at  material  equilibrium  must  be  stagnant 
intellectually  or  technologically;  that  it  must  be  rigid  and  dictatorial;  that 
it  must  preserve  the  present  maldistribution  of  resources  or  income.   We  have 
already  suggested  in  Limits  that  we  would  expect  just  the  reverse.   We  would 
hope  that  more  imaginative  respondents  will  accept  the  challenge  of  thinking 
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through  the  economics  and  sociology  of  a  physically  stabilized  state.    We 
suspect  that  the  exercise  would  be  more  than  theoretical;  that  it  would 
illuminate  some  of  the  current  economic  and  sociological  problemt-  of  a  growing 
state  as  well. 

We  have  not  suggested  in  Limits  or  elsewhere  that  the  equilibrium  state 
should  be  attained  immediately,  or  that  physical  growth  should  be  brought  to  a 
sudden  halt.   On  the  contrary  we  have  pointed  out  long  delays  in  the  social 
system  and  the  necessarily  gradual  nature  of  demographic  change,  and  we  have 
suggested  that  an  orderly  shift  to  equilibrium  from  present  rates  of  growth 
may  take  as  long  as  100  years.   Thus  although  the  first  steps  toward  equilibrium 
should  be  small  ones,  they  should  be  taken  soon.   A  good  beginning  might  be  a 
common  recognition  that  physical  growth  cannot  be  forever  substituted  for  the 
social  resolution  of  difficult  choices. 

In  summary,  we  believe  the  basic  points  of  our  modeling  effort,  as 
described  in  Limits,  merit  consideration  even  though  none  of  them  can  be  supported 
by  rigorous  proof.   No  social  model  can  be  rigorously  proved  true.   Together 
these  points  constitute  a  holistic  hypothesis  about  the  world  system  that  is 
generally  consistent  with  real-world  observations.   We  do  not  believe  that  the 
same  can  be  said  for  the  mental  models  on  which  important  decisions  with  long- 
term  implications  are  currently  based. 

Price,  Technology,  and  Values 

Let  us  turn  now  to  the  three  mechanisms  that  many  critics  of  Limits  believe 
will  allow  mankind  to  sustain  and  control  material  growth  without  any  changes 
in  the  current  system  -  price,  technology,  and  social  value  change.   All  three 
are  actually  included  in  the  World  models,  but  in  implicit  and  oversimplified 
form.   Of  course  all  three  are  important,  complex,  dynamic  subsystems  in  them- 
selves.  We  will  describe  here,  very  briefly,  how  more  complete  representations 
of  these  subsystems  might  be  constructed.   However,  none  of  the  added  details 
would  alter  the  basic  conclusions  of  our  work. 

Economic  price  is  a  function  of  two  socially  determined  variables the 

current  value  society  places  on  a  certain  good  or  service  and  the 

apparent  cost  of  supplying  that  good  or  service.   Economists  postulate 

that  the  long-term  stabilizing  role  of  price  in  a  growing  system  is  to  signal 

resource  scarcity.   They  point  out  that  price  changes  guide  social  values  and 
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the  economic  system  so  that  the  declining  supply  of  a  scarce  resource  is 
utilized  more  efficiently. 

When  increasing  scarcity  causes  the  price  of  some  material  to  rise, 
numerous  social  responses  may  be  triggered.   There  may  be  a  more  intensive 
search  for  natural  deposits  of  that  material,  or  increased  recycling  of  discarded 
products  containing  it.   Food  shortages  leading  to  rising  food  prices  may 
stimulate  farmers  to  adopt  more  efficient  methods  of  production,  governments 
to  irrigate  more  land  or  people  to  eat  less  food.   These  dynamic  effects  of 
the  price  mechanism  will  indeed  influence  the  way  in  which  a  growing  system 
approaches  its  physical  limits. 

Worlds  contains  several  causal  relationships  between  the  real  supply  of 
some  economic  quantity  (such  as  food,  nonrenewable  resources,  industrial 
capital,  service  capital)  and  the  response  of  the  economic  system  to  scarcity 
of  that  supply  (develop  more  agricultural  land,  allocate  more  capital  to 
resource  production,  increase  investment  rates) .   These  relationships  are  most 
realistically  represented  with  price  as  an  intermediate  variable: 

decrease  in  supply ^rise  in  price ^social  response 

In  World3  we  have  simplified  the  real  dynamics  of  the  price  mechanism  by 
eliminating  explicit  reference  to  price,  the  intermediate  variable:  The 
representation  of  the  causal  chain  has  been  shortened  to: 

decrease  in  supply ^social  response 

The  ultimate  regulating  effect  of  the  price  system  is  thus  included,  but  price 
does  not  explicitly  appear  in  the  model. 

The  only  purpose  of  eclipsing  the  price  mechanism  in  this  way  is  to 
increase  the  model's  simplicity  and  understandability .   C3mission  of  price  is 
equivalent  to  assviming  that  the  signals  provided  by  the  price  system  are  available 
to  social  decision  points  with  a  delay  that  is  insignificant  on  a  200-year  time 
scale.   To  check  the  validity  of  this  omission,  several  of  our  submodels  ex- 
plicitly included  price  and  its  effects  on  technological  advance  and  resource 
availability.   The  general  long-term  behavior  of  these  submodels  was  similar 
to  that  of  the  World  model's  resource  sectors. 
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To  the  extent  that  prices  do  not  immediately  reflect  actual  resource  costs 
in  the  real  world,  the  price  system  will  be  a  source  of  additional  instability 
in  the  world  system.   Instability  will  also  be  increased  if  cost  information 
is  transmitted  immediately  but  to  institutions  that  can  adjust  their  production 
or  consumption  patterns  only  after  a  long  delay.   In  either  case,  the  delay 
between  decreased  availability  and  social  response  will  reduce  the  stability 
of  the  economic  system  as  it  adjusts  itself  to  any  limit.  Thus  by  assuming 
in  Worlds  that  the  price  system  works  instantaneously  we  have  omitted  a  source 
of  system  instability.   To  the  extent  that  prices  are  actually  delayed  signals 
of  scarcity,  our  model  will  underestimate  the  tendency  of  real  economic 
systems  to  overshoot  physical  limits. 

We  view  technology,  like  price,  as  a  social  phenomenon  -  it  is  the 
application  of  man's  general  knowledge  about  the  world  to  the  solution  of  a 
specific,  perceived  human  problem.   If  we  were  to  make  a  complete  dynamic  model 
of  the  development  of  a  given  technology,  we  would  include  the  following: 

-a  level  of  accumulating  general  knowledge,  with  the  rate  of 
accumulation  dependent  on  the  resources  devoted  to  basic  research. 

-a  widespread  perception  of  some  human  problem. 

-an  allocation  of  physical  resources,  human  effort,  and  time  to  search 
for  a  technical  solution  to  the  problem,  with  a  realization  that  the 
solution  may  not  be  found  if  the  level  of  knowledge  is  not  yet  great 
enough. 

-a  delay  to  allow  social  acceptance  and  implementation  of  the  new 
technology,  the  length  of  the  delay  dependent  on  the  magnitude  of  the 
required  departure  from  the  present  way  of  doing  things. 

-  a  representation  of  the  total  impact  of  the  technology  on  the  system, 
including  social,  energy,  and  environmental  costs. 

This  model  of  technological  advance  might  be  contrasted  with  the  one 

6  7  fl 
advanced  in  separate  papers  by  Boyd,  Cerlemans,  and  the  Sussex  group.  '  ' 

Each  assumed  that  technology  is  inherently  exponential  and  that  the  appropriate 

technical  capabilities  are  instantaneously  available  whenever  needed.   They 

have  supposed  that  technological  advance  costs  nothing,  requires  no  capital 
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investment,  has  no  harmful  side  effects,  and  encounters  no  resistance  from 
institutions  already  present.   Not  surprisingly,  when  their  representations 
of  technology  were  inserted  in  World2,  the  model  grew  far  beyond  the  original 
point  of  collapse.   We  would  suggest  that  their  theories  of  technological  advance 
are  so  completely  foreign  to  cuiything  available  in  the  real  world,  that  their 
revisions  of  World2  provide  no  useful  information  whatsoever  about  the  real 
implications  of  physical  growth  in  a  finite  world. 

Nearly  every  causal  relationship  in  the  World  models  could  conceivably  be 
changed  by  some  sort  of  new  technology.   In  the  past  various  technologies  have, 
directly  or  indirectly,  improved  birth  control  effectiveness,  increased  land 
productivity,  and  increased  the  average  generation  of  persistent  pollution  per 
unit  of  industrial  output.   The  advance  of  technology  has  created  more  costly 
and  destructive  weapons,  increased  life  expectancy  through  medical  advance, 
and  hastened  the  rate  of  land  erosion.   It  is  by  no  means  certain  that 
technologies  will  continue  to  do  any  of  these  things  in  the  future,  since  the 
human  values  and  social  institutions  that  govern  technological  development  are 
always  subject  to  change. 

In  other  words,  we  view  technology  as  socially-determined,  discontinuous, 
infinitely  varied,  and  delayed.   It  is  nevertheless  an  important  determinant 
of  the  functioning  of  the  world  system.   How  can  such  a  concept  be  included 
in  a  world  model?  Since  so  many  causal  relationships  might  be  altered  by 
some  conceivable  technological  change,  we  had  to  consider  building  technological 
change  into  each  relationship  as  we  formulated  it.   We  did  this  by  assigning 
possible  technologies  to  three  categories;  those  that  are  already  feasible  and 
institutionalized,  those  that  are  feasible  but  not  institutionalized,  and  those 
that  are  not  yet  feasible. 

Some  causal  relationships  have  historically  been  altered  by  technology 
cmd  continue  to  be  altered  regularly  today.   These  are   in  areas  where  there  is 
social  agreement  about  the  desirability  of  change,  and  where  resources  and 
institutions  to  bring  about  that  change  are  already  integral  parts  of  the  system. 
Examples  are  medical  technology  to  improve  health,  industrial  technology  to 
raise  production  efficiency,  agricultural  technology  to  increase  land  yields, 
birth  control  technology  to  plan  faimily  size,  and  mining  technology  to  discover 
and  exploit  lower-grade  nonrenewable  resources.   A  significant  fraction  of  the 
world's  people  have  adopted  the  value  system  that  will  continue  to  promote  these 
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technologies  as  long  as  their  costs  can  be  afforded.   They  are  effectively  built 
into  the  world  socio-economic  system.   Therefore,  they  are  also  built  into  the 
relationships  of  the  World  models,  with  the  assvunption  that  they  will  continue 
to  develop  and  spread  through  the  world,  without  delay,  as  long  as  there  is 
economic  support  for  them. 

There  are  other  technologies  that  have  not  been  so  widely  accepted  that 
they  can  be  considered  a  functioning  part  of  the  world  system.   It  is  not  yet 
clear  that  all  the  nations  of  the  world  are  willing  to  institutionalize  cmd 
pay  for  technologies  such  as  pollution  control,  resource  recycling,  capture 
of  solar  energy,  preservation  of  soil  fertility,  alternatives  to  the  internal 
combustion  engine,  or  increased  durability  of  manufactured  goods.   All  of 
these  technologies  are  feasible,  and  there  are  signs  of  the  social  value  changes 
necessary  to  incorporate  them  into  the  world  system.   It  is  not  possible  to  know 
when  or  even  whether  they  will  be  adopted  on  a  worldwide  scale.   Therefore  we 
have  not  assumed  them  in  the  model  relationships,  but  we  have  included  many  of 
them  as  optional  functions,  which  a  model  operator  can  "turn  on"  at  any  specified 
time  in  the  future.   The  model  Ccin  be  used  to  test  the  possible  impact  of  smy  or 
all  of  these  technologies  and  the  relative  advantages  of  adopting  them  sooner 
rather  than  later. 

There  is  a  third  set  of  technologies  that  is  not  included  in  the  model  at 
all.   That  is  the  set  of  discoveries  we  cannot  possibly  envision  from  our  perspec- 
tive in  time.   Of  course  no  model,  mental  or  formal,  can  incorporate  these 
unimaginable  technologies  as  they  will  actually  occur.   That  is  one  reason  why 
no  model  can  acciirately  predict  the  future.   Any  long-term  model  that  is  being 
used  to  aid  the  policy  making  process  must  therefore  be  updated  constantly  to 
incorporate  surprising  discoveries  as  they  occur,  and  to  assess  how  they  may 
change  the  options  of  human  society. 

It  is  possible,  of  course,  to  include  in  the  model  the  assumption  that  some 
unimaginable  discovery  will  come  along  in  time  to  solve  every  human  problem, 
including  the  limited  resource  base  of  the  earth.   Many  mental  models  seem  to 
be  based  on  that  cccumption.   However,  our  bias  as  both  modelers  a..d  managers  is 
to  search  for  understanding  and  for  better  policies  based  on  the  constraints  of 
the  system  as  it  appears  now,  not  to  rely  on  developments  that  may  or  may  not 
come  in  the  future. 
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We  have  already  indicated  that  both  technology  and  price  are  dynamic 
elements  directly  dependent  upon  the  values,  needs, and  choices  characteristic 
of  the  human  society.   Of  course  values  underlie  many  of  the  other  dynamic 
elements  of  interest  in  a  model  of  physical  growth.   In  fact  the  whole  socio- 
economic system  might  be  thought  of  as  a  constant  interplay  of  human  desires 
and  goals  within  physical  and  biological  constraints.   Therefore,  although  the 
World  models  are  not  intended  to  be  models  of  social  value  change,  they  must 
contain  some  assumptions  about  the  dynamics  of  human  values  insofar  as  they 
influence  and  are  influenced  by  the  processes  of  physical  growth. 

In  the  difficult  task  of  modeling  human  values  we  have  tried  to  include 
only  those  most  basic  values  that  can  be  considered  globally  common.   These 
basic  values  begin  with  requirements  for  survival,  such  as  food,  and  go  on 
to  include  a  hierarchy  of  other  desires;  for  longevity,  children,  material 
goods,  and  social  services  such  as  education.   Some  of  these  values  are 
represented  explicitly  in  the  model  as  varicibles  that  have  an  important  influence 
on  economic  decisions.   Examples  from  World3  are  desired  completed  family  size, 
and  preferences  among  food,  material  goods,  and  services  at  different  income 
levels.   Others  are  included  implicitly,  for  example  in  the  allocation  of 
service  output  to  health  services  or  in  the  quantity  of  nonrenewable  resources 
used  per  capita. 

All  of  the  values  included  in  World3  are  assumed  to  be  responsive  to  the 
actual  physical  and  economic  condition  of  the  system;  they  are  all  involved  in 
feedback  loops.   The  patterns  of  dynamic  value  change  included  in  the  model, 
however,  are  limited  to  the  patterns  of  change  historically  observed  in 
individual  countries  over  the  last  hundred  years  or  so.   During  that  time  the 
major  force  behind  value  change  in  the  world  sytem  has  been  the  process  of 
industrialization,  a  process  that  is  still  underway  in  most  of  the  nations  of 
the  world.   Therefore  the  values  that  both  shape  and  respond  to  the  development 
of  the  model  system  follow  the  historic  pattern  of  industrialization.   As 
industrialization  increases  in  our  model  (measured,  say,  by  the  level  of 
industrial  capital  per  capita)  the  aggregate  social  deman^  in  our  model  shifts 
in  emphasis  from  food  to  material  goods  and  finally  to  services.   Other  changes 
occur  in  the  model  in  the  preferences  for  children,  education,  and  health  care, 
cind  in  the  distribution  of  various  goods  and  services  throughout  the  industrializing 
population. 
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We  have  not  built  into  World3  any  global  shifts  in  values  other  than 
those  that  might  be  expected  to  take  place  as  the  world  becomes  more  industrialized. 
Again,  the  model  cannot  predict  value  changes,  but  it  can  serve  as  a  test  device 
to  show  the  results  of  any  given  assumption  about  the  future  evolution  of  values. 
Human  values,  like  human  technologies,  may  evolve  in  the  future  in  directions  we 
cannot  possibly  foresee  at  this  moment  in  history.   Therefore  we  have  also 
included,  in  several  model  relationships,  test  switches  that  can  be  used  to 
activate  postulated  value  changes  at  any  date  specified  by  the  operator. 
(Examples  of  such  changeable  values  are  desired  family  size,  fraction  of  output 
consumed,   and  the  relative  desires  for  food  and  services.   All  of  these  are 
changed  to  produce  the  model's  "equilibrium"  runs.)   We  have  used  these 
switches  extensively.   As  we  demonstrated  in  Limits,  an  appropriate  set  of 
value  changes  can  bring  the  model  system  into  a  stable  and  desirable  equilibrium 
state.   That  set  of  value  changes  is  not  one  that  has  occurred  historically  as 
a  result  of  industrialization  in  any  country.   We  believe  that  such  value 
changes  are  possible  to  achieve  in  the  future,  but  only  by  a  concerted  ernd 
conscious  effort.   The  shift  in  values  that  normally  accompanies  industrialization, 
the  one  we  might  expect  to  take  place  if  the  world  continues  "business  as 
usual",  is  the  very  value  shift  that  leads  to  the  overshoot  and  decline  behavior 
mode. 

The  Modeler  and  his  Environment 

It  has  been  suggested  that  the  World  models  arose  only  because  of  the 
sudden  widespread  concern  about  the  environment  in  modern  western  societies. 
Of  course  computer  models,  like  any  product  of  man's  intellect,  must  be  evaluated 
as  part  of  the  cultural  context  within  which  they  are  constructed.   This  statement 
is  also  true  for  the  mental  models  of  the  critics  of  Limits  and  for  the  models 
that  guide  current  public  policy. 

Every  model  of  a  social  system  must  omit  some  details  of  the  real  world. 
Simplification  is  the  essence  of  model  building.   A  model  is  constructed  to 
improve  understanding  of  the  nature  and  implications  of  complex  relationships 
in  the  real  world.   If  the  model  were  identical  to  the  real  world  in  all 
respects,  it  would  be  as  difficult  as  the  real  world  to  understand. 
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It  is  a  very  fundamental  principle  indeed  that  knowledge  is  always 
gained  by  the  orderly  loss  of  information,  that  is  by  condensing 
and  abstracting  and  indexing  the  great  buzzing  confusion  of  in- 
formation that  comes  from  the  world  around  us  into  a  form  which 
we  can  appreciate  and  comprehend.^ 

Thus  even  if  we  had  comprehensive  and  accurate  information  on  all  important 
aspects  of  the  real  world,  our  models  would  be  simplifications  of  reality. 

Human  judgment  is  inextricably  involved  in  the  choice  of  the  issues 
addressed  by  a  model  and  in  the  identification  of  those  "unimportant"  details 
that  may  be  eliminated  without  detracting  significantly  from  the  explanatory 
power  of  the  model.   Every  model  is  thus  inevitably  influenced  by  prevailing 
social  values  and  goals.   In  short,  there  is  no  model  useful  for  understanding 
all  issues  and  no  "scientific"  or  "objective"  way  to  construct  a  perfect  model. 

The  greatest  advantage  of  formal,  or  written,  models  over  mental  models 
is  that  their  constituent  assumptions  are  precise  and  explicit  and  thus  subject 
to  the  scrutiny  of  critics.   This  is  no  guarantee  against  error  or  against  the 
effects  of  unwarranted  social  biases,  but  it  makes  the  discovery  of  errors 
and  biases  more  likely.   Most  critics  of  Limits  have  not  defined  the  bias  that 
underlies  their  own  approach,  nor  have  they  presented  assumptions  explicit 
enough  to  be  judged  by  their  audience. 

The  accusation  that  the  World  models  have  been  unduly  influenced  by  the 
prevailing  environmental  concern  seems  to  imply  that  the  models  are 
addressing  random,  unimportant,  or  spurious  issues.   The  latest  wave  of 
environmentalism  may  indeed  turn  out  to  be  a  fad,  merely  the  product  of  rising 
expectation,  or  boredom,  or  alarmist  journalists,  or  all  of  these.   However, 
there  is  an  alternate  possibility.   The  current  concern  with  the  environment  may 
be  a  response  to  a  correct  perception  of  a  changed  external  reality.   It  may 
be  a  result  of  the  first  glimmerings  of  human  understanding  about  total  systems 
and  the  first  perception  of  a  real  worldwide  negative  impact  of  man's  activities 
on  the  ecosystem.   If  so,  the  World  models  may  represent  a  small  manifestation 
of  a  healthy  social  reaction  to  an  environmental  change;  a  reaction  that  will 
lead  to  new  values ,  technologies ,  and  economic  prices  that  attempt  to  adapt 
socioeconomic  systems  to  the  newly-perceived  constraints.   In  that  case  the 
critics,  the  technological  optimists,  the  foot-draggers  who  claim  that  there 
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are  no  constraints  and  no  reasons  to  change  values  from  the  present  pro-growth 
set,  represent  exactly  the  social  and  institutional  delays  that  tend  to  de- 
stabilize the  system  and  send  it  shooting  past  its  ultimately  sustainable  limits. 

Growth  and  Income  Distribution 

Some  critics  have  rejected  the  no-physical-growth  argument  as  irrelevant  to 
the  "really  important"  problems  of  the  composition  and  distribution  of  growth. 
As  we  have  already  indicated,  we  find  it  impossible  to  view  the  rate  of  physical 
growth,  its  composition  and  its  distribution  as  independent  or  mutually 
exclusive  problems.   Human  societies  will  not  achieve  a  more  equitable 
distribution  of  wealth  until  they  better  understand  the  processes  of  growth. 
Historically  at  least,  growth  of  population  and  of  capital  has  been  correlated 
with  the  concentration  of  wealth  and  with  rising  gaps  between  the  absolute  incomes 
of  the  rich  and  the  poor.   We  believe  that  there  are  at  least  two  basic  reasons 
for  these  trends.   First,  physical  growth  inevitably  worsens  the  resource/ 
population  balance.   When  there  are  fewer  available  resources  per  person,  there 
are  also  fewer  real  social  options  to  resolve  conflicts  of  interest.   Second, 
by  relying  on  the  false  promise  of  growth,  social  institutions  are  able  to 
delay  facing  the  very  importcmt  and  difficult  tasks  of  making  social  tradeoffs 
and  defining  social  goals.   Until  these  tasks  are  squarely  faced  there  will  be 
no  real  redistribution  of  income. 

The  no-growth  argument  is  an  appeal  for  readjusting  the  composition  and 
distribution  of  economic  output.   The  pro-growth  argument  is  an  attempt  to 
postpone  this  readjustment;  to  confer  it  on  future  generations.   Simultaneously 
this  approach  ensures  that  those  generations  will  have  fewer  resources  and  thus 
fewer  real  choices  to  make.   Our  sociopolitical  concerns  are  actually  quite 
similar  to  those  who  argue  that  redistribution  must  come  first.   We  differ  only 
in  our  perception  of  how  to  deal  with  those  concerns.   Our  own  choice  was  to  begin 
by  questioning  what  we  view  as  the  basic  cause  of  the  growing  gap  between  the 
rich  and  the  poor  -  unexamined,  uncontrolled  physical  growth. 

V.   The  Concept  of  Man 

This  brings  us  to  the  final  point  that  we  regard  as  basic  to  all  discussions 
among  ecologists,  "environmentalists",  Malthusians,  economists,  industrialists, 
pessimists,  and  optimists.   The  pro-  and  anti-growth  factions  are  organized 
around  two  very  different  concepts  of  man. 
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One  concept  of  man,  the  one  held  by  advocates  of  indefinite  growth,  is 

that  Homo  sapiens  is  a  very  special  creature  whose  unique  brain  gives  him 

not  only  the  capability  but  the  right  to  exploit  for  his  own  short-term 

purposes  all  other  creatures  and  all  resources  the  world  has  to  offer.   This 

is  an  age-old  concept  of  man,  one  firmly  rooted  in  Judeo-Christian  tradition 

and  newly  strengthened  by  stunning  technical  achievements  in  the  last  few 

centuries. 

Not  only  ingenuity  but,  increasingly,  understanding;  not  luck  but 
systematic  investigation,  are  turning  the  tables  on  nature,  making 
her  subservient  to  man. 10 

According  to  this  belief  man  is  essentially  omnipotent,  he  can  develop  at  no 
cost  a  technology  or  a  social  change  to  overcome  any  obstacle,  and  such  developments 
will  occur  instantly  upon  the  perception  of  the  obstacle.   Underlying  this  view 
is  also  the  belief  that  mankind's  social,  economic,  political,  and  technical 
institutions  operate  flexibly  and  without  error,  and  the  best  response  to  any 
apparent  problem  is  to  encourage  these  institutions  to  do  more  of  whatever  they 
have  done  in  the  past. 

The  opposite  concept  of  man  is  also  an  ancient  one,  but  it  is  more  closely 
related  to  the  Eastern  religions  than  to  the  Western  ones.   It  assumes  that  man 
is  one  species  with  all  other  species  embedded  in  the  intricate  web  of  natural 
processes  that  sustains  and  constrains  all  forms  of  life.   It  acknowledges  that 
man  is  one  of  the  more  successful  species,  in  terms  of  competitiveness,  but 
that  his  very  success  is  leading  him  to  destroy  and  simplify  the  natural  sus- 
taining web,  about  which  he  understands  very  little.   Subscribers  to  this  view 
feel  that  human  institutions  are  ponderous  and  short-sighted,  adaptive  only 
after  very  long  delays,  and  likely  to  attack  complex  issues  with  simplistic  and 
self-centered  solutions.   They  would  also  point  out  that  much  of  human  technology 
and  "progress"  has  been  attained  only  at  the  expense  of  natural  beauty,  human 
dignity,  and  social  integrity,  and  that  those  who  have  suffered  the  greatest  loss 
of  these  amenities  have  also  had  the  least  benefit  from  the  economic  "progress". 
People  who  share  this  concept  of  man,  as  we  do,  would  also  question  strongly 
whether  technology  and  material  growth,  which  seem  to  have  caused  many  problems, 
should  be  looked  to  as  the  sources  of  solution  of  these  same  problems  in  the  future. 
Technological  optimists  invariably  label  this  view  of  the  fallibility  of  man  as 
"pessimistic";  Malthusians  would  simply  call  it  "humble". 
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We  see  no  objective  way  of  resolving  these  very  different  views  of  man 

and  his  role  in  the  world.   It  seems  to  be  possible  for  either  side  to  look 

at  the  same  world  and  find  support  for  its  view.   Technological  optimists  see 

only  rising  life  expectancies,  more  comfortable  lives,  the  advance  of  human 

knowledge,  and  improved  wheat  strains.   Malthusians  see  only  rising  populations, 

destruction  of  the  land,  extinct  species,  urban  deterioration,  and  increasing 

gaps  between  the  rich  and  the  poor.   They  would  say  that  Malthus  was  correct 

both  in  his  own  time  and  today  in  his  observation  that: 

...the  pressure  arising  from  the  difficulty  of  procuring  subsistence 
is  not  to  be  considered  as  a  remote  one  which  will  be  felt  only  when 
the  earth  refuses  to  produce  any  more,  but  as  one  which  actually  exists 
at  present  over  the  greatest  part  of  the  globe. •'■•'■ 

The  Challenge 

One  glaring  problem  confronts  mankind,  if  it  should  choose  to  conceive 
of  man  as  a  humble  part  of  the  biosphere.   There  is  essentially  no  body  of 
knowledge  from  which  to  design  the  new  institutions,  and  values  consistent 
with  that  concept  of  man.   Two  hundred  years  of  growth  has  left  biases  and 
blind  spots  throughout  the  physical  and  social  sciences.   There  is  today  no 
economic  theory  of  a  technological-based  society  in  which  there  are  essentially 
zero  interest  rates,  no  net  accumulation  to  society's  productive  capital,  and 
in  which  the  principal  concern  is  equality  rather  than  growth.   There  is  no 
equilibrium  sociology  which  is  concerned  with  the  social  aspects  of  a  stable 
population,  whose  age  composition  is  skewed  toward  the  elderly.   There  is  no 
equilibrium  political  science  in  which  we  might  look  for  clues  to  the  ways 
democratic  choice  could  be  exercised  when  short-term  material  gain  is  ruled  out 
as  the  basis  for  political  success.   There  is  no  equilibriiim  technology  that 
places  high  emphasis  on  the  recycling  of  all  matter,  on  the  use  of  the  sun's 
pollution-free  energy,  and  on  the  minimization  of  both  matter  and  energy  flows. 
There  is  no  psychology  for  the  steady  state  which  might  provide  man  with  a  new 
self-image  and  with  feasible  aspirations  in  a  system  where  material  output  is 
constant  and  in  balance  with  the  globe's  finite  limits. 

Each  of  our  traditional  disciplines  could  respond  to  the  challenge  of 
working  out  the  details  of  a  viable  and  attractive  equilibrium  society.   The 
effort  would  pose  many  difficult  technical  and  conceptual  problems,  whose 
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solutions  would  be  intellectually  satisfying  and  of  enormous  social  value. 
After  all,  we  are  not  merely  talking  of  a  distant  and  unattainable  Utopian 
state.   Physical  growth  of  population  and  capital  will  stop  on  this  finite 
planet.   The  only  uncertainties  lie  in  when  it  will  stop  and  how  -  by  deliberate 
social  choice  and  under  careful  human  management,  or  by  the  harsh  backlash  of  a 
disturbed  and  depleted  natural  environment. 

We  may  all  find  that  the  study  of  a  steady-state  society  may  be  the 
best  possible  preparation  for  the  real  future  -  a  future  that  we  are  shaping 
I  already,  with  every  social  and  individual  decision  we  make.   We  will  almost 
certainly  discover  as  we  become  better  acquainted  with  the  possibilities  for  an 
equilibrium  society  that  we  would  prefer  the  end  of  physical  growth  to  occur 
under  our  own  management  and  sooner,  rather  than  later.   Those  of  us  who  have 
already  spent  several  years  adjusting  to  the  idea  of  a  no-material-growth 
society  find  without  exception  that  we  agree  with  John  Stuart  Mill ,  who  contem- 
plated the  limits  to  growth  more  than  one-hundred  years  ago: 

I  cannot,  therefore,  regard  the  stationary  state  of  capital  and 
wealth  with  the  unaffected  aversion  so  generally  manifested  towards 
it  by  political  economists  of  the  old  school.   I  am  inclined  to 
believe  that  it  would  be,  on  the  whole,  a  very  considerable  im- 
provement on  our  present  condition.   I  confess  I  am  not  charmed 
with  the  idea  of  life  held  out  by  those  who  think  that  the  normal 
state  of  human  beings  is  that  of  struggling  to  get  on;  that  the 
trampling,  crushing,  elbowing,  and  treading  on  each  other's 
heels,  which  form  the  existing  type  of  social  life,  are  the  most 
desirable  lot  of  humankind....  It  is  scarcely  necessary  to  remark 
that  a  stationary  condition  of  capital  and  population  implies  no 
stationary  state  of  human  improvement.   There  would  be  as  much 
scope  as  ever  for  all  kinds  of  mental  culture,  and  moral  and  social 
progress;  as  much  room  for  improving  the  Art  of  Living  and  much  more 
likelihood  of  its  being  improved. ^^ 
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Preface 

This  document  has  been  drawn  up  by  a  small  team  of  people,  all  of  whom,  in  different  capacities,  are 
professionally  involved  in  the  study  of  global  environmental  problems. 

Four  considerations  have  prompted  us  to  do  this : 

1.  An  examination  of  the  relevant  information  available  has  impressed  upon  us  the  extreme  gravity  of  the 
global  situation  today.  For,  if  current  trends  are  allowed  to  persist,  the  breakdown  of  society  and  the 
irreversible  disruption  of  the  life-support  systems  on  this  planet,  possibly  by  the  end  of  the  century, 
certainly  within  the  lifetimes  of  our  children,  are  inevitable. 

2.  Governments,  and  ours  is  no  exception,  are  either  refusing  to  face  the  relevant  facts,  or  are  briefing 
their  scientists  in  such  a  way  that  their  seriousness  is  played  down.  Whatever  the  reasons,  no  corrective 
measures  of  any  consequence  are  being  undertaken. 

3.  This  situation  has  already  prompted  the  formation  of  the  Club  of  Rome,  a  group  of  scientists  and 
industrialists  from  many  countries,  which  is  currently  trying  to  persuade  governments,  industrial  leaders 
and  trade  unions  throughout  the  world  to  face  these  facts  and  to  take  appropriate  action  while  there  is 
yet  time.  It  must  now  give  rise  to  a  national  movement  to  act  at  a  national  level,  and  if  need  be  to  assume 
political  status  and  contest  the  next  general  election.  It  is  hoped  that  such  an  example  will  be  emulated  in 
other  countries,  thereby  giving  rise  to  an  international  movement,  complementing  the  invaluable  work 
being  done  by  the  Club  of  Rome. 

4.  Such  a  movement  cannot  hope  to  succeed  unless  it  has  previously  formulated  a  new  philosophy  of  life, 
whose  goals  can  be  achieved  without  destroying  the  environment,  and  a  precise  and  comprehensive  pro- 
gramme for  bringing  about  the  sort  of  society  in  which  it  can  be  implemented. 

This  we  have  tried  to  do,  and  our  Blueprint  for  Survival  heralds  the  formation  of  the  MOVEMENT 
FOR  SURVIVAL  (see  p  23)  and,  it  is  hoped,  the  dawn  of  a  new  age  in  which  Man  will  learn  to  live  with 
the  rest  of  Nature  rather  than  against  it. 
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Introduction:  the  need  for  change 


110.  Tlie  prindpal  defect  of  the 
industrial  way  of  life  with  its 
ethos  of  expansion  is  that  it  is 
not  sustainable.  Its  termination 
within  the  lifetime  of  someone 
born  today  is  inevitable — unless 
it  continues  to  be  sustained  for  a 
while  longer  by  an  entrenched 
minority  at  the  cost  of  imposing 
great  suffering  on  the  rest  of 
mankind.  We  can  be  certain, 
however,  that  sooner  or  later  it 
will  end  (only  the  precise  time 
and  circumstances  are  in  doubt), 
and  that  it  will  do  so  in  one  of  two 
ways:  either  against  our  will,  in  a 
succession  of  famines,  epidemics, 
social  crises  and  wars;  or  because 
we  want  it  to — because  we  wish 
to  create  a  society  which  will  not 
impose  hardship  and  cruelty  upon 
our  children — in  a  succession  of 
thoughtful,  humane  and  measured 
changes.  We  believe  that  a  grow- 
ing number  of  people  are  aware 
of  this  choice,  and  are  more 
interested  in  our  proposals  for 
creating  a  sustainable  society 
than  in  yet  another  recitation  of 
the  reasons  why  this  should  be 
done.  We  will  therefore  consider 
these  reasons  only  briefly,  reserv- 
ing a  fuller  analysis  for  the  four 
appendices  which  follow  the  Blue- 
print proper. 
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111.  Radical  change  is  both  necessary 
and  inevitable  because  the  present 
increases  in  human  numbers  and  per 
capita  consumption,  by  disrupting  eco- 
systems and  depleting  resources,  are 
undermining  the  very  foundations  of 
survival.  At  present  the  world  popula- 
tion of  3,600  million  is  increasing  by 
2  per  cent  per  year  (72  million),  but  this 
overall  figure  conceals  crucially  impor- 
tant differences  between  countries.  The 
industriaUsed  countries  with  one-third 
of  the  world  population  have  annual 
growth  rates  of  between  0.5  and  1.0  per 
cent;  the  undeveloped  countries  on  the 
other  hand,  with  two-thirds  of  the  world 
population,  have  annual  growth  rates  of 
between  2  and  3  per  cent,  and  from 
40  to  45  per  cent  of  their  populations  is 
under  15.  It  is  commonly  overlooked 
that  in  countries  with  an  unbalanced  age 
structure  of  this  kind  the  population  will 
continue  to  increase  for  many  years 
even  after  fertility  has  fallen  to  the 
replacement  level.  As  the  Population 
Council  has  pointed  out:  "If  replace- 
ment is  achieved  in  the  developed  world 
by  2000  and  in  the  developing  world  by 
2040,  then  the  world's  population  will 
stabilise  at  nearly  15.5  billion  (15,500 
million)  about  a  century  hence,  or  well 
over  four  times  the  present  size". 

112.  The  per  capita  use  of  energy  and 
raw  materials  also  shows  a  sharp  divi- 
sion between  the  developed  and  the 
undeveloped  parts  of  the  world.  Both 
are  increasing  their  use  of  these  com- 
modities, but  consumption  in  the 
developed  countries  is  so  much  higher 
that,  even  with  their  smaller  share  of  the 
population,  their  consumption  may  well 
represent  over  80  per  cent  of  the  world 
total.  For  the  same  reason,  similar  per- 
centage increases  are  far  more  signifi- 


cant in  the  developed  countries;  to  take 
one  example,  between  1957  and  1967 
per  capita  steel  consumption  rose  by  12 
per  cent  in  the  US  and  by  41  per  cent 
in  India,  but  the  actual  increases  (in 
kg  per  year)  were  from  568  to  634  and 
from  9.2  to  13  respectively.  Nor  is  there 
any  sign  that  an  eventual  end  to  econo- 
mic growth  is  envisaged,  and  indeed 
industrial  economies  appear  to  break 
down  if  growth  ceases  or  even  slows, 
however  high  the  absolute  level  of 
consumption.  Even  the  US  still  aims 
at  an  annual  growth  of  GNP  of  4  per 
cent  or  more.  Within  this  overall  figure 
much  higher  growth  rates  occur  for  the 
use  of  particular  resources,  such  as  oil. 

113.  The  combination  of  human  num-  I 
bers  and  per  capita  consumption  has  a  ' 
considerable  impact  on  the  environ- 
ment, in  terms  of  both  the  resources 
we  take  from  it  and  the  pollutants  we 
impose  on  it.  A  distinguished  group  of 
scientists,  who  came  together  for  a 
"Study  of  Critical  Environmental  Prob-  J 
lems"  (SCEP)  under  the  auspices  of  ^ 
the  Massachusetts  Institute  of  Techno- 
logy, state  in  their  report  the  clear  need 
for  a  means  of  measuring  this  impact, 
and  have  coined  the  term  "ecologjcal 
demand",  which  they  define  as  "a 
summation  of  all  man's  demands  on  the 
environment,  such  as  the  extraction  of 
resources  and  the  return  of  wastes". 
Gross  Domestic  Product  (GDP),  which 
is  population  multiplied  by  material 
standard  of  living  appears  to  provide 
the  most  convenient  measure  of  ecolo- 
gical demand,  and  according  to  the  UN 
Statistical  Yearbook  this  is  increasing 
annually  by  5  to  6  per  cent,  or  doubling 
every  13.5  years.  If  this  trend  should 
continue,  then  in  the  time  taken  for 
world  population  to  double  (which  is 
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estimated  to  be  by  just  after  the  year 
2000),  total  ecological  demand  will 
have  increased  by  a  factor  of  six.  SCEP 
estimate  that  "such  demand-producing 
activities  as  agriculture,  mining  and 
industry  have  global  annual  rates  of 
increase  of  3.5  per  cent  and  7  per  cent 
respectively.  An  integrated  rate  of 
increase  is  estimated  to  be  between  5  and 
6  per  cent  per  year,  in  comparison  with 
an  annual  rate  of  population  increase  of 
only  2  per  cent". 

114.  It  should  go  without  saying  that 
the  world  cannot  accommodate  this 
continued  increase  in  ecological  demand. 
Indefinite  growth  of  whatever  type 
cannot  be  sustained  hy  finite  resources. 
This  is  the  nub  of  the  environmental 
predicament.  It  is  still  less  possible  to 
maintain  indefinite  exponential  growth 
— and  unfortunately  the  growth  of 
ecological  demand  is  proceeding  expo- 
nentially (i.e.  it  is  increasing  geo- 
metrically, by  compound  interest). 

115.  The  implications  of  exponential 
growth  are  not  generally  appreciated 
and  are  well  worth  considering.  As 
Professor  Forrester  explains  it,'  ".  . . 
pure  exponential  growth  possesses  the 
characteristic  of  behaving  according  to  a 
'doubling  time'.  Each  fixed  time  interval 
shows  a  doubling  of  the  relevant  system 
variable.  Exponential  growth  is  trea- 
cherous and  misleading.  A  system 
variable  can  continue  through  many 
doubling  intervals  without  seeming  to 
reach  significant  size.  But  then  in  one 
or  two  more  doubling  periods,  still 
following  the  same  law  of  exponential 
growth,  it  suddenly  seems  to  become 
overwhelming". 

116.  Thus,  supposing  world  petroleum 
reserves  stood  at  2,100  billion  barrels, 
and  supposing  our  rate  of  consumption 
was  increasing  by  6.9  per  cent  per  year, 
then  as  can  be  seen  from  Figure  1, 
demand  will  exceed  supply  by  the  end 
of  the  century.  What  is  significant,  how- 
ever, is  not  the  speed  at  which  such  vast 
reserves  can  be  depleted,  but  that  as 
late  as  1975  there  will  appear  to  be 
reserves  fully  ample  enough  to  last  for 
considerably  longer.  Such  a  situation 
can  easily  lull  one  into  a  false  sense  of 
security  and  the  belief  that  a  given 
growth  rate  can  be  sustained,  if  not 
indefinitely,  at  least  for  a  good  deal 
longer  than  is  actually  the  case.*  The 

•  It  is  perhaps  worth  bearing  in  mind  tiiat 
the  actual  rate  of  petroleum  consumption  is 


same  basic  logic  applies  to  the  avail- 
abihty  of  any  resource  including  land, 
and  it  is  largely  because  of  this  particu- 
lar dynamic  of  exponential  growth  that 
the  environmental  predicament  has 
come  upon  us  so  suddenly,  and  why  its 
solution  requires  urgent  and  radical 
measures,  many  of  which  run  counter  to 
values  which,  in  our  industrial  society 
we  have  been  taught  to  regard  as 
fundamental. 

117.  If  we  allow  the  present  growth  rate 
to  persist,  total  ecological  demand  will 
increase  by  a  factor  of  32  over  the  next 
66  years — and  there  can  be  no  serious 
person  today  willing  to  concede  the 
possibility,  or  indeed  the  desirability,  of 
our  accommodating  the  pressures  arising 
from  such  growth.  For  this  can  be  done 
only  at  the  cost  of  disrupting  ecosys- 
tems and  exhausting  resources,  which 
must  lead  to  the  failure  of  food  supplies 
and  the  collapse  of  society.  It  is  worth 
briefly  considering  each  in  turn. 

Disruption  of  ecosystems 

120.  We  depend  for  our  survival  on  the 
predictability  of  ecological  processes. 
If  they  were  at  all  arbitrary,  we  would 
not  know  when  to  reap  or  sow,  and 
we  would  be  at  the  mercy  of  environ- 
mental whim.  We  could  learn  nothing 
about  the  rest  of  nature,  advance 
no  hypotheses,  suggest  no  "laws". 
Fortunately,  ecological  processes  are 
predictable,  and  although  theirs  is  a 
relatively  young  discipUne,  ecologjsts 
have  been  able  to  formulate  a  number 
of  important  "laws",  one  of  which 
in  particular  relates  to  envirorunental 
predictability:  namely,  that  all  eco- 
systems tend  towards  stability,  and 
further  that  the  more  diverse  and 
complex  the  ecosystem  the  more  stable 
it  is;  that  is,  the  more  species  there  are, 
and  the  more  they  interrelate,  the  more 
stable  is  their  environment.  By  stability 
is  meant  the  abihty  to  return  to  the 
original  position  after  any  change, 
instead  of  being  forced  into  a  totally 
different  pattern — and  hence  predict- 
ability. 

121.  Unfortunately,  we  behave  as  if  we 
knew  nothing  of  the  environment  and 
had  no  conception  of  its  predictability, 

increasing  by  6.9  per  cent  per  year,  and 
according  to  the  optimistic  estimate  of  W.  P. 
Ryman,  Deputy  Exploration  Manager  of  the 
Standard  Oil  Company  of  New  Jersey,  world 
petroleum  reserves  (including  deposits  yet 
to  be  discovered)  are  about  2,100  billion 
barrels. 


treating  it  instead  with  scant  and  brutal 
regard  as  if  it  were  an  idiosyncratic  and 
extremely  stupid  slave.  We  seem  never 
to  have  reflected  on  the  fact  that  a 
tropical  rain  forest  supports  innumer- 
able insect  species  and  yet  is  never 
devastated  by  them;  that  its  rampant 
luxuriance  is  not  contingent  on  our 
overflying  it  once  a  month  and  bom- 
barding it  with  insecticides,  herbicides, 
fungicides,  and  what-have-you.  And 
yet  we  tremble  over  our  wheatfields 
and  cabbage  patches  with  a  desperate 
battery  of  synthetic  chemicals,  in  an 
absurd  attempt  to  impede  the  operation 
of  the  immutable  "law"  we  have  just 
mentioned — that  all  ecosystems  tend 
towards  stabihty,  therefore  diversity 
and  complexity,  therefore  a  growing 
number  of  different  plant  and  animal 
species  until  a  climax  or  optimal 
condition  is  achieved.  If  we  were  clever, 
we  would  recognise  that  successful  long- 
term  agriculture  demands  the  achieve- 
ment of  an  artificial  climax,  an  imitation 
of  the  pre-existing  ecosystem,  so  that 
the  level  of  unwanted  species  could  be 
controlled  by  those  that  did  no  harm 
to  the  crop-plants. 

122.  Instead  we  have  put  our  money  on 
pesticides,  which  although  they  have 
been  effective,  have  been  so  only  to  a 
limited  and  now  diminishing  extent: 
according  to  SCEP,  the  34  per  cent 
increase  in  world  food  production  from 
1951  to  1966  required  increased  invest- 
ments in  nitrogenous  fertilisers  of  146 
per  cent  and  in  pesticides  of  300  per 
cent.  At  the  same  time  they  have 
created  a  number  of  serious  problems, 
notably  resistance — some  250  pest  sp*- 
cies  are  resistant  to  one  group  of  pesti- 
cides or  another,  while  many  others 
require  increased  applications  to  keep 
their  populations  within  manageable 
proportions — and  the  promotion  of 
formerly  innocuous  species  to  pest  pro- 
portions, because  the  predators  that 
formerly  kept  them  down  have  been 
destroyed.  The  spread  of  DDT  and 
other  organochlorines  in  the  environ- 
ment has  resulted  in  alarming  popula- 
tion declines  among  woodcock,  grebes, 
various  birds  of  prey  and  seabirds,  and 
in  a  number  of  fish  species,  principally 
the  sea  trout.  SCEP  comments:  "the 
oceans  are  an  ultimate  accumulation 
site  of  DDT  and  its  residues.  As  much  as 
25  per  cent  of  the  DDT  compounds 
produced  to  date  may  have  been  trans- 
ferred to  the  sea.  The  amount  in  the 
marine  biota  is  estimated  to  be  in  the 
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order  of  less  than  0.1  per  cent  of  total 
production  and  has  already  produced  a 
demonstrable  impact  upon  the  marine 
environment . . .  TTie  decline  in  pro- 
ductivity of  marine  food  fish  and  the 
accumulation  of  levels  of  DDT  in  their 
tissues  which  are  unacceptable  to  man 
can  only  be  accelerated  by  DDT's 
continued  release  to  the  environ- 
ment .  .  ." 

123.  There  are  half  a  million  man-made 
chemicals  in  use  today,  yet  we  cannot 
predict  the  behaviour  or  properties  of 
the  greater  part  of  them  (either  singly 
or  in  combination)  once  they  are 
released  into  the  environment  We 
know,  however,  that  the  combined 
efifects  of  pollution  and  habitat  destruc- 
tion menace  the  survival  of  no  less  than 
280  mammal,  350  bird,  and  20,000 
plant  species.  To  those  who  regret  these 
losses  but  greet  them  with  the  comment 
that  the  survival  of  Homo  sapiens  is 
surely  more  important  than  that  of  an 
eagle  or  a  primrose,  we  repeat  that 
Homo  sapiens  himself  depends  on  the 
continued  resilience  of  those  ecological 
networks  of  which  eagles  and  primroses 
are  integral  parts.  We  do  not  need  to 
utterly  destroy  the  ecosphere  to  bring 
catastrophe  upon  ourselves :  all  we  have 
to  do  is  to  carry  on  as  we  are,  clearing 
forests,  "reclaiming"  wetlands,  and 
imposing  sufficient  quantities  of  pesti- 
cides, radioactive  materials,  plastics, 
sewage,  and  industrial  wastes  upon  our 
air,  water  and  land  systeftis  to  make 
them  inhospitable  to  the  species  on 
which  their  continued  stability  and 
integrity  depend.  Industrial  man  in  the 
world  today  is  like  a  bull  in  a  china  shop, 
with  the  single  difference  that  a  bull 
with  half  the  information  about  the 
properties  of  china  as  we  have  about 
those  of  ecosystems  would  probably 
try  and  adapt  its  behaviour  to  its  environ- 
ment rather  than  the  reverse.  By  con- 
trast, Homo  sapiens  induslrialis  is 
determined  that  the  china  shop  should 
adapt  to  him,  and  has  therefore  set 
himself  the  goal  of  reducing  it  to 
rubble  in  the  shortest  possible  time. 

Failure  of  food  supplies 

130.  Increases  in  food  production  in  the 
undeveloped  world  have  barely  kept 
abreast  of  population  growth.  Such 
increases  as  there  have  been  are  due  not 
to  higher  productivity  but  to  the  open- 
ing up  of  new  land  for  cultivation. 
Unfortunately  this  will  not  be  possible 
for  much  longer:  all  the  good  land  in 


the  world  is  now  being  farmed,  and 
according  to  the  FAO^,  at  present  rates 
of  expansion  none  of  the  marginal  land 
that  is  left  will  be  unfarmed  by  1985 — 
indeed  some  of  the  land  now  under 
cultivation  has  been  so  exhausted  that  it 
will  have  to  be  returned  to  permanent 
pasture. 

131.  For  this  reason,  FAO's  programme 
to  feed  the  world  depends  on  a  pro- 
gramme of  intensification,  at  the  heart 
of  which  are  the  new  high-yield  varieties 
of  wheat  and  rice.  These  are  Iiighly 
responsive  to  inorganic  fertilisers  and 
quick-maturing,  so  that  up  to  ten  times 
present  yields  can  be  obtained  from 
them.  Unfortunately,  they  are  highly 
vulnerable  to  disease,  and  therefore 
require  increased  protection  by  pesti- 
cides, and  of  course  they  demand 
massive  inputs  of  fertilisers  (up  to  27 
times  present  ones).  Not  only  will  these 
disrupt  local  ecosystems,  thereby  jeo- 
pardising long-term  productivity,  but 
they  force  hard-pressed  undeveloped 
nations  to  rely  on  the  agro-chemical 
industries  of  the  developed  world. 

132.  Whatever  their  virtues  and  faults, 
the  new  genetic  hybrids  are  not  intended 
to  solve  the  world  food  problem,  but 
only  to  give  us  time  to  devise  more 
permanent  and  realistic  solutions.  It  is 
our  view,  however,  that  these  hybrids 
are  not  the  best  means  of  doing  this, 
since  their  use  is  likely  to  bring  about 
a  reduction  in  overall  diversity,  when 
the  clear  need  is  to  develop  an  agri- 
culture diverse  enough  to  have  long- 
term  potential.  We  must  beware  of  those 
"experts'"  who  appear  to  advocate  the 
transformation  of  the  ecosphere  into 
nothing  more  than  a  food-factory  for 
man.  The  concept  of  a  world  consisting 
solely  of  man  and  a  few  favoured  food 
plants  is  so  ludicrously  impracticable 
as  to  be  seriously  contemplated  only  by 
those  who  find  solace  in  their  own 
wilful  ignorance  of  the  real  world  of 
biological  diversity. 

133.  We  in  Britain  must  bear  in  mind 
that  we  depend  on  imports  for  half  our 
food,  and  that  we  are  unlikely  to 
improve  on  this  situation.  The  150,000 
acres  which  are  lost  from  agriculture 
each  year  are  about  70  per  cent  more 
productive  than  the  average  for  all 
enclosed  land^  while  we  are  already 
beginning  to  experience  diminishing 
returns  from  the  use  of  inorganic  ferti- 
Users.  In  the  period  1964-9,  applications 


of  phosphates  have  gone  up  by  2  per 
cent,  potash  by  7  per  cent,  and  nitrogen 
by  40  per  cent*,  yet  yields  per  acre  of 
wheat,  barley,  lucerne  and  temporary 
grass  have  levelled  off  and  are  beginning 
to  decline,  while  that  of  permanent 
grass  has  risen  only  slightly  and  may  be 
levelling  off'.  As  per  capita  food  avail- 
ability declines  throughout  the  rest  of 
the  world,  and  it  appears  inevitable 
it  will,  we  will  find  it  progressively  more 
difficult  and  expensive  to  meet  our  food 
requirements  from  abroad.  The  pros- 
pect of  severe  food  shortages  within  the 
next  diirty  years  is  not  so  much  a 
fantasy  as  that  of  the  continued 
abundance  promised  us  by  so  many  of 
our  politicians. 

Exhaustion  of  resources 

140.  As  we  have  seen,  continued  expo- 
nential growth  of  consumption  of 
materials  and  enCTgy  is  impossible. 
Present  reserves  of  all  but  a  few  metals 
will  be  exhausted  within  50  years,  if 
consumption  rates  continue  to  grow  as 
they  are  (see  Figure  2).  Obviously  there 
will  be  new  discoveries  and  advances  in 
mining  technology,  but  these  are  likdy 
to  provide  us  with  only  a  limited  stay  of 
execution.  Synthetics  and  substitutes 
are  likely  to  be  of  Uttle  help,  since  they 
must  be  made  from  materials  which 
themselves  are  in  short  supply;  while 
the  hoped-for  availability  of  unlimited 
energy  would  not  be  the  answer,  since 
the  problem  is  the  ratio  of  useful  metal 
to  waste  matter  (which  would  have  to  be  J 
disposed  of  without  disrupting  eco-  ^ 
systems),  not  the  need  for  cheap  power. 
Indeed,  the  availability  of  unlimited 
power  holds  more  of  a  threat  than  a 
promise,  since  energy  use  is  inevitably 
polluting,  and  in  addition  we  would  ■ 
ultimately  have  to  face  the  problem  " 
of  disposing  of  an  intractable  amount  of 
waste  heat. 

Collapse  of  society 

150.  The  developed  nations  consume 
such  disproportionate  amounts  of  pro- 
tein, raw  materials  and  fuels  that  unless 
they  considerably  reduce  their  consumjv 
tion  there  is  no  hope  of  the  undeveloped 
nations  markedly  improving  their  stan- 
dards of  living.  This  vast  differential 
is  a  cause  of  much  and  growing  discon- 
tent, made  worse  by  our  attempts  at 
cultural  uniformity  on  behalf  of  an 
expanding  market  economy.  In  the  end, 
we  are  altering  people's  aspirations 
without  providing  the  means  for  them 
to  be  satisfied.  In  the  rush  to  industri- 
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alise  we  break  up  communities,  so  that 
the  controls  which  formerly  regulated 
behaviour  are  destroyed  before  alterna- 
tives can  be  provided.  Urban  drift  is  one 
result  of  this  process,  with  a  consequent 
rise  in  anti-social  practices,  crime, 
delinquency,  and  so  on,  which  are  so 
costly  for  society  in  terms  both  of  money 
and  of  well-being. 

151.  At  the  same  time,  we  are  sowing 
the  seeds  of  massive  unemployment  by 
increasing  the  ratio  of  capital  to  labour 
so  that  the  provision  of  each  job 
becomes  ever  more  expensive.  In  a  world 
of  fast  diminishing  resources,  we  shall 
quickly  come  to  the  point  when  very 
great  numbers  of  people  will  be  thrown 
out  of  work,  when  the  material  compen- 
sations of  urban  life  are  either  no  longer 
available  or  prohibitively  expensive,  and 
consequently  when  whole  sections  of 
society  will  find  good  cause  to  express 
their  considerable  discontent  in  ways 
likely  to  be  anything  but  pleasant  for 
their  fellows. 

152.  It  is  worth  bearing  in  mind  that 
the  barriers  between  us  and  epidemics 
are  not  so  strong  as  is  commonly 
supposed.  Not  only  is  it  increasingly 
difficult  to  control  the  vectors  of  disease, 
but  it  is  more  than  probable  that  urban 
populations  are  being  insidiously  weak- 
ened by  overall  pollution  levels,  even 
when  they  are  not  high  enough  to  be 
incriminated  in  any  one  illness.  At  the 
same  time  international  mobility  speeds 
the  spread  of  disease.  With  this  back- 
ground, and  at  a  time  of  widespread 
public  demoralisation,  the  collapse  of 
vital  social  services  such  as  power  and 
sanitation,  could  easily  provoke  a 
series  of  epidemics — and  we  cannot 
say  with  confidence  that  we  would  be 
able  to  cope  with  them. 

153.  At  times  of  great  distress  and  social 
chaos,  it  is  more  than  probable  that 
governments  will  fall  into  the  hands  of 
reckless  and  unscrupulous  elements, 
who  will  not  hesitate  to  threaten 
neighbouring  governments  with  attack, 
if  they  feel  that  they  can  wrest  from 
them  a  larger  share  of  the  world's 
vanishing  resources.  Since  a  growing 
number  of  countries  (an  estimated  36  by 
1980)  will  have  nuclear  power  stations, 
and  therefore  sources  of  plutonium  for 
nuclear  warheads,  the  likelihood  of  a 
whole  series  of  local  (if  not  global) 
nuclear  engagements  is  greatly  in- 
creased. 


ConclusioD 

160.  A  fuller  discussion  of  ecosytems 
and  their  disruption,  of  social  systems 
and  their  disruption,  of  population  and 
food  supply,  and  of  resources  and  their 
depletion,  can  be  found  in  Appendices 
A,  B,  C  and  D,  respectively.  There  will 
be  those  who  regard  these  accounts 
of  the  consequences  of  trying  to 
accommodate  present  growth  rates  as 
fanciful.  But  the  imaginative  leap  from 
the  available  scientific  information  to 
such  predictions  is  negligible,  compared 
with  that  required  for  those  alternative 
predictions,  laughably  considered  "opti- 
mistic", of  a  world  of  10,000  to  15,000 
million  people,  all  with  the  same 
material  standard  of  living  as  the  US, 
on  a  concrete  replica  of  this  planet,  the 
only  moving  parts  being  their  machines 
and  possibly  themselves.  Faced  with 
inevitable  change,  we  have  to  make 
decisions,  and  we  must  make  these 
decisions  soberly  in  the  light  of  the  best 
information,  and  not  as  if  we  were 
caricatures  of  the  archetypal  mad 
scientist. 

161.  By  now  it  should  be  clear  that  the 
main  problems  of  the  environment  do 
not  arise  from  temporary  and  accidental 
malfunctions  of  existing  economic  and 
social  systems.  On  the  contrary,  they 
are  the  warning  signs  of  a  profound 
incompatibility  between  deeply  rooted 
beliefs  in  continuous  growth  and  the 
dawning  recognition  of  the  earth  as  a 
space  ship,  limited  in  its  resources  and 
vulnerable  to  thoughtless  mishandling. 
The  nature  of  our  response  to  these 
symptoms  is  crucial.  If  we  refuse  to 
recognise  the  cause  of  our  trouble  the 
result  can  only  be  increasing  disillusion 
and  growing  strain  upon  the  fragile 
institutions  that  maintain  external  peace 
and  internal  social  cohesion.  If,  on 
the  other  hand,  we  can  respond  to  this 
unprecedented  challenge  with  informed 
and  constructive  action  the  rewards 
will  be  as  great  as  the  penalties  for 
failure. 

162.  We  are  sufficiently  aware  of 
"political  reality"  to  appreciate  that 
many  of  the  proposals  we  will  make  in 
the  next  chapter  will  be  considered 
impracticable.  However,  we  believe  that 
if  a  strategy  for  survival  is  to  have  any 
chance  of  success,  the  solutions  must 
be  formulated  in  the  light  of  the 
problems  and  not  from  a  timorous  and 
superficial  understanding  of  what  may 
or  may  not  be  immediately  feasible. 


If  we  plan  remedial  action  with  our 
eyes  on  political  rather  than  ecological 
reahty,  then  very  reasonably,  very 
practicably,  and  very  surely,  we  will 
muddle  our  way  to  extinction. 

163.  A  measure  of  political  reality  is 
that  government  has  yet  to  acknowledge 
the  impending  crisis.  This  is  to  some 
extent  because  it  has  given  itself  no 
machinery  for  looking  at  energy,  re- 
sources, food,  envirorunental  disruption 
and  social  disruption  as  a  whole,  as  pari 
of  a  general,  global  pattern,  preferring 
instead  to  deal  with  its  many  aspects  as  i  f 
they  were  self<ontained  analytical  units. 
Lord  Rothschild's  Central  Pohcy  Review 
Staff  in  the  Cabinet  Office,  which  is  the 
only  body  in  government  which  might 
remedy  the  situation,  appears  not  to 
think  it  worthwhile:  at  the  moment  at 
least,  they  are  undertaking  "no  specific 
studies  on  the  environment  that  would 
require  an  environmentalist  or  ecolo- 
gist".  There  is  a  strong  element  of 
positive  feedback  here,  in  that  there  can 
be  no  appreciation  of  our  predicament 
unless  we  view  it  in  totality,  and  yet 
government  can  see  no  cause  to  do  so 
unless  it  can  be  shown  that  such  a 
predicament  exists. 

164.  Possibly  because  government  sees 
the  world  in  fragments  and  not  as  a 
totahty,  it  is  difficult  to  detect  in  its 
actions  or  words  any  coherent  general 
policy,  although  both  major  political 
parties  appear  to  be  mesmerised  by  two 
dominating  notions:  that  economic 
expansion  is  essential  for  survival  and  is 
the  best  possible  index  of  progress  and 
well-being;  and  that  unless  solutions 
can  be  devised  that  do  not  threaten  this 
notion,  then  the  problems  should  not 
be  regarded  as  existing.  Unfortunately, 
government  has  an  increasingly  power- 
ful incentive  for  continued  expansion 
in  the  tendency  for  economic  growth  to 
create  the  need  for  more  economic 
growth.  This  it  does  in  six  ways: 

Firstly,  the  introduction  of  techno- 
logical devices,  i.e.  the  growth  of  the 
technosphere,  can  only  occur  to  the 
detriment  of  the  ecosphere,  which 
means  that  it  leads  to  the  destruction 
of  natural  controls  which  must  then  be 
replaced  by  further  technological  ones. 
It  is  in  this  way  that  pesticides  and 
artificial  fertilisers  create  the  need  for 
yet  more  pesticides  and  artificial  ferti- 
lisers. 

Secondly,  for  various  reasons,  indus- 
trial growth,  particularly  in  its  earUer 
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phases,  promotes  population  growth. 
Even  in  its  later  phases,  this  can  still 
occur  at  a  high  rate  (0.5  per  cent  in  the 
UK).  Jobs  must  constantly  be  created 
for  the  additional  people — not  just  any 
job,  but  those  that  are  judged  acceptable 
in  terms  of  current  values.  This  basically 
means  that  the  capital  outlay  per  person 
employed  must  be  maintained,  other- 
wise the  level  of  "productivity"  per  man 
will  fall,  which  is  a  determinant  of 
both  the  "viability"  of  economic  enter- 
prise and  of  the  "standard  of  Hving". 

Thirdly,  no  government  can  hope  to 
turvive  widespread  and  protracted 
nnernployment,  and  without  changing 
the  basis  of  our  industrial  society,  the 
only  way  government  can  prevent  it  is 
by  stimulating  economic  growth. 

Fourthly,  business  enterprises,  whe- 
ther state-owned  or  privately  owned, 
tend  to  become  self-perpetuating,  which 
means  that  they  require  surpluses  for 
further  investment.  This  favours  con- 
tinued growth. 

Fifthly,  the  success  of  a  government 
and  its  abiUty  to  obtain  support  is  to 
a  large  extent  assessed  in  terms  of  its 
ability   to   increase   the   "standard   of 
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hving"  as  measured  by  per  capita  gross 
national  product  (GNP). 

Finally,  confidence  in  the  economy, 
which  is  basically  a  function  of  its 
ability  to  grow,  must  be  maintained  to 
ensuie  a  healthy  state  of  the  stock 
market.  Were  confidence  to  fall,  stock 
values  would  crash,  drastically  reducing 
the  availability  of  capital  for  investment 
and  hence  further  growth,  which  would 
lead  to  further  unemployment.  This 
would  result  in  a  further  fall  in  stock- 
market  values  and  hence  give  rise  to  a 
positive-feedback  chain-reaction,  which 
under  the  existing  order  might  well  lead 
to  social  collapse. 

For  all  these  reasons,  we  can  expect 
our  government  (whether  Conservative 
or  Labour)  to  encourage  further  in- 
creases in  GNP  regardless  of  the 
consequences,  which  in  any  case  tame 
"experts"  can  be  found  to  play  down. 
It  will  curb  growth  only  when  public 
opinion  demands  such  a  move,  in  which 
case  it  will  be  politically  expedient, 
and  when  a  method  is  found  for  doing 
so  without  creating  unemployment  or 
excessive  pressure  on  capital.  We 
believe  this  is  possible  only  within  the 


framework  of  a  fully  integrated  plan. 

165.  The  emphasis  must  be  on  integra- 
tion. If  we  develop  relatively  clean 
technologies  but  do  not  end  economic 
growths  then  sooner  or  later  we  will 
find  ourselves  with  as  great  a  pollution 
problem  as  before  but  without  the 
means  of  tackling  it.  If  we  stabilise  our 
economies  and  husband  our  non- 
renewable resources  without  stabilising 
our  populations  we  will  find  we  are  no 
longer  able  to  feed  ourselves.  As 
Forrester^  and  Meadows'  convincingly 
make  clear,  daunting  though  an  inte- 
grated programme  may  be,  a  piecemeal 
approach  will  cause  more  problems  than 
it  solves. 

166.  Our  task  is  to  create  a  society 
which  is  sustainable  and  which  will 
give  the  fullest  possible  satisfaction  to 
its  members.  Such  a  society  by  definition 
would  depend  not  on  expansion  but  on 
stability.  This  does  not  mean  to  say  that 
it  would  be  stagnant — indeed  it  could 
well  afford  more  variety  than  does  the 
state  of  uniformity  at  present  being 
imposed  by  the  pursuit  of  technological 
efl^iciency.  We  beUeve  that  the  stable 
society,  the  achievement  of  which  we 
shall  discuss  in  the  next  chapter,  as 
well  as  removing  the  sword  of  Damocles 
which  hangs  over  the  heads  of  future 
generations,  is  much  more  likely  than 
the  present  one  to  bring  the  peace  and 
fulfilment  which  hitherto  have  been 
regarded,  sadly,  as  Utopian. 
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Fignre  1.  World  reserves  of  cmde  petToIemn  at  exponential  rate  of  consumption. 
Note  that  in  1975,  with  no  more  than  IS  years  left  before  demand  exceeds  supply  the  total  global  reserve 
has  been  depleted  by  only  12}  per  cent. 


337 


until  2370 


assuming  current  usage  rate  continues 
to  increase  exponentially  as  between 
1960  and  1968  (%  rate  in  brackets) 

assuming  current  usage  rate 
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Fignre  2.  Mineral  resoorces:  static  and  exponential  reserves.' 
(For  key,  ««  page  41) 
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Towards  the  stable  society: 

Strategy  for  change 


Introduction 

210.  The  principal  conditions  of 
a  stable  society — one  that  to  all 
intents  and  purposes  can  be  sus- 
tained indefinitely  while  giving 
optimum  satisfaction  to  its  mem- 
bers —  are:  (1)  minimum  disrup- 
tion of  ecological  processes;  (2) 
maximum  conservation  of  mat- 
erials and  energy — or  an  economy 
of  stock  rather  than  flow;  (3)  a 
population  in  which  recruitment 
equals  loss;  and  (4)  a  social 
system  in  which  the  individual 
can  enjoy,  rather  than  feel  re- 
stricted by,  the  first  three  condi- 
tions. 

211.  The  achievement  of  these  four 
conditions  will  require  controlled  and 
well-orchestrated  change  on  numerous 
fronts  and  this  change  will  probably 
occur  through  seven  operations:  (1)  a 
control  operation  whereby  environ- 
mental disruption  is  reduced  as  much 
as  possible  by  technical  means;  (2)  a 
freeze  operation,  in  which  present  trends 
are  halted;  (3)  asystemic  substitution,  by 
which  the  most  dangerous  components 
of  these  trends  are  replaced  by  techno- 
logical substitutes,  whose  effect  is  less 
deleterious  in  the  short-term,  but  over 
the  long-term  will  be  increasingly 
ineffective;  (4)  systemic  substitution, 
by  which  these  technological  substitutes 
are  replaced  by  '"natural"  or  self- 
regulating  ones,  i.e.  those  which  either 
replicate  or  employ  without  undue  dis- 
turbance the  normal  processes  of  the 
ecosphere,  and  are  therefore  hkely  to 
be  sustainable  over  very  long  periods  of 
time;  (5)  the  invention,  promotion  and 
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application  of  alternative  technologies 
which  are  energy  and  materials  con- 
servative, and  which  because  they  are 
designed  for  relatively  "closed"  econo- 
mic communities  are  likely  to  disrupt 
ecological  processes  only  minimally 
(e.g.  intermediate  technology);  (6)  de- 
centralisation of  polity  and  economy  at 
all  levels,  and  the  formation  of  com- 
munities small  enough  to  be  reasonably 
self-regulating  and  self-supporting;  and 
(7)  education  for  such  communities. 

212.  As  we  shall  see  when  we  examine 
how  our  four  conditions  might  be 
achieved,  some  changes  will  involve 
only  a  few  of  these  operations,  in  others 
a  number  of  the  operations  will  be 
carried  out  almost  simultaneously,  and 
in  others  one  will  start  well  before 
another  has  ended.  The  usefulness  of  the 
operation-concept  is  simply  to  clarify 
the  orchestration  of  change. 

213.  In  putting  forward  these  proposals 
we  are  aware  that  hasty  or  disordered 
change  is  highly  disruptive  and  ulti- 
mately self-defeating;  but  we  are  also 
mindful  of  how  the  time-scale  imposed 
on  any  proposal  for  a  remedial  course  of 
action  has  been  much-abbreviated  by 
the  dynamic  of  exponential  growth  (of 
population,  resource  depletion  and 
pollution)  and  by  the  scarcely  perceived 
scale  and  intensity  of  our  disruption  of 
the  ecological  processes  on  which  we 
and  all  other  life-forms  depend.  Within 
these  limitations,  therefore,  we  have 
taken  care  to  devise  and  synchronise 
our  programme  so  as  to  minimise  both 
unemployment  and  capital  outlay.  We 
believe  it  possible  to  change  from  an 
expansionist  society  to  a  stable  society 
without  loss  of  jobs  or  an  increase  in 
real  expenditure.  Inevitably,  however. 


there  will  be  considerable  changes,  both 
of  geography  and  function,  in  job 
availability  and  the  requirements  for 
capital  inputs — and  these  may  set  up 
immense  counter-productive  social  pres- 
sures. Yet  given  the  careful  and  sensitive 
conception  and  implementation  of  a 
totally  integrated  programme  these 
should  be  minimised,  and  an  open 
style  of  government  should  inspire  the 
trust  and  co-operation  of  the  general 
public  so  essential  for  the  success  of 
this  enterprise. 

214.  One  further  point  should  be  made 
before  we  consider  in  more  detail  the 
various  changes  required.  As  each  of  the 
many  socio-economic  components  or 
variables  of  industrial  society  are 
changed  or  replaced,  so  various  pressure- 
points  will  be  set  up.  It  is  easy  to 
imagine,  for  example,  a  situation  in 
which  25  per  cent  of  the  socio-economic 
variables  are  designed  for  a  stable 
society  and  therefore  by  definition  are 
ill-suited  to  one  of  expansion.  This 
situation  may  create  more  problems 
than  it  solves.  When  we  reach  the  point 
at  which  50  per  cent  of  the  variables 
are  adapted  to  stability  and  the  other  50 
per  cent  to  expansion,  the  difficulties 
and  tensions  are  likely  to  be  enormous, 
but  thereafter  each  change  and  replace- 
ment will  assist  further  change  and 
replacement,  and  the  moulding  of  a 
sustainable,  satisfying  society  should  be 
that  much  easier.  It  is  difficult  for  the 
human  mind  to  imagine  the  temporal 
sequence  of  complex  change,  and  no 
doubt  impossible  for  it  to  visualise  the 
precise  interactions  of  the  various  com- 
ponents. While  bearing  in  mind  the 
folly  of  expecting  computers  to  do  our 
thinking  for  us,  we  believe  they  have  an 
important  role  to  play  in  demonstrating 
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the  consequences  throughout  social  and 
ecological  systems  of  a  great  number 
of  changes  over  a  given  period  of  time. 

Minimising  the  disruption  of  eco- 
logical processes 

220.  Ecological  processes  can  be  dis- 
rupted by  introducing  into  them  either 
substances  that  are  foreign  to  them  or 
the  correct  ones  in  the  wrong  quantities. 
It  follows  therefore  that  the  most  com- 
mon method  of  pollution  "control", 
namely  dispersal,  is  not  control  at  all, 
but  a  more  or  less  useful  way  of  playing 
for  time.  Refuse  disposal  by  dumping 
solves  the  immediate  problem  of  the 
householder,  but  as  dumping  sites  are 
used  up  it  creates  progressively  less 
soluble  problems  for  society  at  large; 
smokeless  fuels  are  invaluable  signs  of 
progress  for  the  citizens  of  London  or 
She.Tield,  but  the  air  pollution  from 
their  manufacture  brings  misery  and 
ill-health  to  the  people  near  the  plants 
where  they  are  produced;  in  many  cases 
the  dispersal  of  pollutants  through  tall 
chimneys  merely  alters  the  proportion 
of  pollution,  so  that  instead  of  a  few 
receiving  much,  many  receive  some;  and 
lastly,  in  estuarine  and  coastal  waters — 
crucial  areas  for  fisheries — nutrients 
from  sewage  and  agricultural  run-off  in 
modest  quantities  probably  increase 
productivity,  but  in  excess  are  as  harm- 
ful as  organochlorines  and  heavy 
metals. 

221.  Thus  dispersal  can  be  only  a  tem- 
porary expedient.  Pollution  control 
proper  must  consist  of  the  recycling  of 
materials,  or  the  introduction  of  practices 
which  are  so  akin  to  natural  processes 
as  not  to  be  harmful.  The  long-term 
object  of  these  pollution  control  pro- 
cedures is  to  minimise  our  dependence 
on  technology  as  a  regulator  of  the 
ecological  cycles  on  which  we  depend, 
and  to  return  as  much  as  possible  to  the 
natural  mechanisms  of  the  ecosphere, 
since  in  all  but  the  short-term  they  are 
much  more  efficient  and  reliable.  In  the 
light  of  these  remarks  then,  let  us 
consider  some  contemporary  pollution 
problems  and  how  they  might  be  solved. 

222.  Pesticides.  There  is  no  way  of 
controlling  the  disruption  caused  by 
pesticides  save  by  using  less,  and  pro- 
gress towards  this  end  will  probably 
require  three  operations:  freeze,  asyste- 
mic  substitution,  and  systemic  substi- 
tution. The  freeze  operation  consists  of 
the  ending  of  any  further  commitment 


to  pesticides,  particularly  the  persistent 
organochlorines.  For  the  developed 
countries  this  is  a  relatively  simple  pro- 
cedure, and  already  the  use  of  Dieldrin, 
DDT,  and  so  on,  is  beginning  to  decline. 
For  the  undeveloped  countries,  how- 
ever, it  would  be  impossible  without  an 
undertaking  from  the  developed  ones 
to  subsidise  the  supply  of  much  more 
expensive  substitutes.  In  the  malaria 
control  programme,  for  example,  the 
replacement  of  DDT  by  malathion  or 
propoxur  would  raise  the  cost  of  spraying 
operations  from  US  $60  million  a  year 
to  $184  million  and  $510  million 
respectively'. 

223.  Once  such  an  undertaking  is  given, 
the  undeveloped  countries  could  pro- 
ceed to  the  second  operation.  (There  is 
no  conceivable  reason  why  the 
developed  ones  should  not  formally  do 
so  now.)  This  consists  of  the  progressive 
substitution  of  non-persistent  pesticides 
(organophosphates,  carbamates,  etc.) 
for  the  organochlorines.  The  third 
operation,  the  substitution  of  natural 
controls  for  pesticides  in  general  could 
follow  soon  after.  Two  important  points 
should  be  borne  in  mind:  (a)  it  is  most 
unlikely  that  the  third  stage  could  ever 
be  complete — we  will  probably  have  to 
rely  on  the  precision  use  of  pesticides 
for  some  considerable  time  as  part  of  a 
programme  of  integrated  control;  and 
(6)  the  second  and  third  operations 
would  proceed  in  harness  until  all 
countries  had  fully  integrated  pest 
control  programmes.  The  drawback 
with  integrated  control  (the  combination 
of  biological  control,  mechanical  con- 
trol, crop-species  diversity  and  the 
precise  use  of  species-specific  pesticides) 
is  that  as  yet  we  do  not  know  enough 
about  it,  so  that  a  full-scale  research 
programme  is  urgently  required.  The 
agro-chemical  industries  should  be  en- 
couraged to  invest  in  integrated  control 
programmes  though  plainly,  since  the 
profits  cannot  be  so  great  as  from 
chemical  control,  research  will  need 
public  finance — as  will  the  training  of 
integrated  control  advisory  teams  to 
assist  farmers,  particularly  in  the  un- 
developed countries.  Such  an  invest- 
ment, however,  will  appear  modest  once 
integrated  control  is  fully  operational,  in 
comparison  with  the  vast  sums  of  money 
currently  being  spent  annually  on  pesti- 
cides. A  typical  operational  procedure 
for  the  transfer  from  chemical  to  inte- 
grated control  might  be  as  follows: 
organochlorines  phased  out,  substitute 


pesticides  phased  in;  in  some  cultiva- 
tions these  substitutes  would  be  phased 
out  almost  immediately,  to  be  replaced 
by  integrated  control;  in  others  the 
time-table  would  be  somewhat  longer, 
depending  on  our  understanding  of  the 
relevant  agro-ecological  processes  and 
the  availability  of  trained  personnel. 

224.  Fertilisers.  While  on  many  occa- 
sions the  use  of  inorganic  fertilisers  is 
valuable,  their  overuse  leads  to  two 
intractable  problems;  the  pollution  of 
freshwater  systems  by  run-off,  and 
diminishing  returns  due  to  the  slow  but 
inevitable  impoverishment  of  the  soil 
(see  appendix  on  food  supply).  Again 
the  solution  will  come  through  three 
operations:  freeze,  asystemic  substitu- 
tion, and  systemic  substitution.  The  first 
operation  requires  there  to  be  no 
further  increment  in  the  application 
of  inorganic  fertilisers,  and  hence 
the  removal  of  subsidies  for  them. 
Again  this  is  relatively  easy  for  the 
developed  countries  (although  there 
may  be  some  drop  in  yield  per  acre), 
but  next  to  impossible  for  the  unde- 
veloped countries,  which  are  now  being 
introduced  to  the  new  genetic  hybrids 
of  rice  and  wheat.  Since  the  remarkable 
responsiveness  of  these  hybrids  is  con- 
tingent on  massive  fertiliser  inputs  (up 
to  27  times  present  ones),  the  unde- 
veloped world  is  faced  with  an  unen- 
viable choice:  either  to  keep  ahve  its 
expanding  population  over  the  next 
ten  years  at  the  price  of  considerable 
damage  to  soil  structure  and  long-term 
fertiUty;  or  to  improve  soil  structure 
so  that  a  good  proportion  of  the  popu- 
lation can  be  fed  indefinitely,  but  in 
the  knowledge  that  the  population  will 
probably  be  reduced  to  that  pro- 
portion by  such  natural  processes 
as  famine  and  epidemic.  In  the  long- 
term,  of  course,  the  solution  lies  in 
population  control;  but  in  the  inter- 
vening period  there  seems  to  be  no 
alternative  to  concentrating  on  agri- 
cultural methods  that  are  sustainable 
even  at  the  expense  of  immediate 
productivity.  The  consequences  of  not 
doing  so  are  likely  to  be  much  worse 
than  any  failure  to  take  full  advantage 
of  the  new  hybrids.  In  the  meantime, 
an  emergency  food-supply  must  be 
created  by  the  developed  prime- 
producers  (USA,  USSR,  Canada,  Aus- 
tralia, New  Zealand)  so  that  as  much  as 
possible  of  any  short-fall  can  be  met 
during  this  difficult  period. 
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225.  The  second  operation  involves 
the  gradual  substitution  of  organic 
manures  for  inorganic  fertilisers  — 
though  occasionally  the  latter  will  be 
used  to  supplement  the  former — and 
the  return  to  such  practices  as  rotation 
and  leys;  this  would  merge  into  the 
tliird  operation :  the  adoption  of  highly 
diversified  farming  practices  in  place  of 
monocultures.  It  is  necessary  to  empha- 
sise that  this  is  not  simply  a  return  to 
traditional  good  husbandry:  it  is  much 
more  a  change  from  flow  fertility 
(whereby  nutrients  are  imported  from 
outside  the  agro-ecosystem,  a  propor- 
tion being  utilised  by  food-plants,  but 
with  a  large  proportion  leaving  the 
agro-ecosystem  in  the  form  of  run-off, 
etc.)  to  cyclic  fertility  (in  which  nutri- 
ents in  the  soil  are  used  and  then  re- 
turned to  it  in  as  closed  a  cycle  as 
possible).  The  great  advantage  of 
nutrients  in  organic  form  is  that  the 
soil  appears  much  better  adapted  to 
them.  The  nitrogen  in  humus,  foi 
example,  is  only  0.5  per  cent  inorganic, 
the  rest  being  in  the  form  of  rotting 
vegetation,  decomposing  insects  and 
other  animals,  and  animal  manure. 
A  high  proportion  of  organic  matter  is 
essential  for  the  soil  to  be  easily  work- 
able over  long  periods  (thus  extending 
the  period  in  which  cultivations  are 
timely),  for  it  to  retain  water  well 
without  becoming  saturated,  for  the 
retention  of  nutrients  so  that  they 
remain  available  to  plants  until  they 
are  taken  up  by  them  (thus  reducing 
wastage),  and  for  the  provision  of  the 
optimum  environment  for  the  micro- 
organisms so  vital  for  long-term  fertility. 
The  rotation  of  leguminous  plants  and 
of  grass  grazed  by  animals  are  the  most 
effective  ways  of  adding  organic  matter 
to  the  soil,  while  at  the  same  time 
allowing  livestock  to  select  their  own 
food  m  the  open  has  the  double  advan- 
tage that  they  are  bred  with  a  healthy 
fatslructure  and  their  wastes  enrich  the 
soil  instead  of  polluting  waterways  or 
overloading  sewage  systems.  By  diversi- 
fying farming  in  these  and  other  ways 
we  are  taking  advantage  of  the  immense 
growth  of  knowledge  about  agricultural 
ecology,  which  plainly  will  increase 
with  additional  research. 

226.  Domestic  sewage.  The  volume  of 
sewage  is  directly  proportional  to  popu- 
lation numbers  and  can  only  be  stabi- 
lised or  reduced  by  stabilising  or 
reducing  the  population.  However, 
sewage  can  and  should  be  disposed  of 
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much  more  efficiently.  It  is  absurd 
that  such  valuable  nutrients  should  be 
allowed  to  pollute  fresh  and  coastal 
waters,  or  that  society  should  be  put 
to  the  expense  of  disposing  of  them  in 
areas  where  they  cannot  be  effectively 
utilised.  Unfortunately,  in  developed 
countries,  their  disposal  as  agricultural 
fertiliser  is  not  generally  feasible, 
largely  for  two  reasons:  (a)  they  are 
contaminated  by  industrial  wastes;  (6) 
transportation  costs  are  too  high.  Both 
difficulties  can  be  overcome — in  the 
first  case  by  ensuring  that  there  is  no 
(or  negligible)  admixture  of  industrial 
to  domestic  effluents,  which  depends  on 
better  industrial  pollution  control  (see 
below);  and  in  the  second  case  by 
decentralising  so  that  there  is  an 
improved  mix  of  rural  and  urban 
activities.  This  will  be  explored  in  the 
section  on  social  systems.  In  unde- 
veloped countries,  the  problem  of 
domestic  sewage  could  be  overcome  by 
the  provision  of  aid  to  pay  for  sewage 
plants  that  yield  purified  water  and 
usable  sludge. 

227.  Industrial  wastes.  Reduction  of 
industrial  effluent  should  proceed  by 
two  operations:  a  control  operation, 
and  an  alternative  (materials  and  energy 
conservative)  technology  operation.  We 
have  already  suggested  that  the  key  to 
pollution  control  is  not  dispersal  but 
recycling,  and  since  recycling  is  a 
most  important  element  in  resource 
management  it  will  be  discussed  in  the 
section  on  stock  economics.  The  alterna- 
tive technology  operation  will  be  con- 
sidered in  the  section  on  social  systems. 

Conversion  to  an  economy  of 
stock 

230.  The  transfer  from  flow  to  stock 
economics  can  be  considered  under  two 
headings:  resource  management  and 
social  accounting. 

231.  Resource  management.  It  is  essen- 
tial that  the  throughput  of  raw  materials 
be  minimised  both  to  conserve  non- 
renewable resources  and  to  cut  down 
pollution.  Since  industry  must  have  an 
economic  incentive  to  be  conservative 
of  materials  and  energy  and  to  recycle 
as  much  as  possible,  we  propose  a 
number  of  fiscal  measures  to  these  ends: 
(a)  A  raw  materials  tax.  This  would  be 
proportionate  to  the  availability  of  the 
raw  material  in  question,  and  would  be 
designed  to  enable  our  reserves  to  last 
over  an  arbitrary  period  of  time,  the 


longer  the  better,  on  the  principle  that 
during  this  time  our  dependence  on  this 
raw  material  would  be  reduced.  This 
tax  would  penalise  resource-intensive 
industries  and  favour  employment- 
intensive  ones.  Like  (b)  below  it  would 
also  penalise  short-lived  products. 
(b)  An  amortisation  tax.  This  would 
be  proportionate  to  the  estimated  life  of 
the  product,  e.g.  it  would  be  100  per 
cent  for  products  designed  to  last  no 
more  than  a  year,  and  would  then  be 
progressively  reduced  to  zero  per  cent 
for  those  designed  to  last  100+  years. 
Obviously  this  would  penalise  short- 
lived products,  especially  disposable 
ones,  thereby  reducing  resource  utilisa- 
tion and  pollution,  particularly  the  solid- 
waste  problem.  Plastics,  for  example, 
which  are  so  remarkable  for  their  dur- 
abiUty,  would  be  used  only  in  products 
where  this  quality  is  valued,  and  not  for 
single  trip  purposes.  This  tax  would  also 
encourage  craftmanship  and  employ- 
ment-intensive industry. 

232.  The  raw  materials  tax  would 
obviously  encourage  recycling,  and  we 
can  see  how  it  might  work  if  we  con- 
sider such  a  vital  resource  as  water.  The 
growing  conflict  between  farmers,  con- 
servationists and  the  water  boards  is 
evidence  enough  that  demand  for  water 
is  conflicting  with  other,  no  less  impor- 
tant, values.  At  the  moment,  the  water 
boards  have  no  alternative  but  to  fulfil 
their  statutory  obligation  to  meet 
demand,  and  accordingly  valley  after 
valley  comes  under  the  threat  of  drown- 
ing. Clearly,  unless  we  consider  dry 
land  an  obstacle  to  progress,  demand 
must  be  stabilised,  and  since  demand  is  a 
function  of  population  numbers  X  per 
capita  consumption,  both  must  be 
stabilised,  if  not  reduced  (and  we  have 
seen  that  for  other  reasons  they  must  be 
reduced).  To  this  end  therefore,  while  a 
given  minimum  can  be  supplied  to  each 
person  free-of-charge,  any  amount 
above  that  minimum  should  be  made 
increasingly  expensive.  As  far  as 
industry  is  concerned,  the  net  effect 
would  be  to  encourage  the  installation 
of  closed-circuit  systems  for  water; 
total  demand  would  be  reduced,  and 
there  would  be  less  pressure  on  lowland 
river  systems. 

233.  Despite  the  stimulus  of  a  raw 
materials  tax,  however,  it  is  likely  that 
there  would  be  a  number  of  serious 
pollutants  which  it  would  be  unecono- 
mic to  recycle,  and  stiU  others  for  which 
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recycling  would  be  technically  im- 
possible. One  thinks  in  particular  of 
the  radioactive  wastes  from  nuclear 
power  stations.  Furthermore,  recycling 
cannot  do  everything:  there  will  always 
be  a  non-recoverable  minimum,  which  as 
now  will  have  to  be  disposed  of  as 
safely  as  possible.  This  limitation  can 
be  made  clear  if  we  postulate  a  3  per 
cent  growth  rate,  and  the  introduction 
of  pollution  controls  which  reduce 
pollution  by  80  per  cent  throughout — 
it  would  then  take  only  52  years  to 
bring  us  back  where  we  started  from, 
with  the  original  amount  of  pollution 
but  with  a  much  greater  problem  of 
reducing  it  any  further;  if  we  had  a  6 
per  cent  growth  rate,  we  would  reach 
this  position  in  a  mere  26  years.  It  is 
also  worth  mentioning  that  recycling 
consumes  energy  and  is  therefore 
polluting,  so  that  it  is  necessary  to 
develop  recycling  procedures  which  are 
energy  conservative. 

234.  The  problem  of  uneconomic  re- 
cycling can  be  resolved  by  the  granting 
of  incentives  by  government.  Indeed,  in 
the  short-term,  the  entire  recycling 
industry  should  be  encouraged  to 
expand,  even  though  we  know  that  in 
the  long-term  industrial  expansion  is 
self-defeating.  This  brings  us  to  the 
intractable  problem  of  the  disposal 
of  the  undisposable,  which  can  only  be 
resolved  by  the  termination  of  industrial 
growth  and  the  reduction  of  energy 
demand.  Again  fiscal  measures  will  be 
supremely  important,  and  we  propose 
one  in  particular:  (c)  A  power  tax. 
This  would  penalise  power-intensive 
processes  and  hence  those  causing 
considerable  pollution.  Since  machinery 
requires  more  power  than  people,  it 
would  at  the  same  time  favour  the 
employment  intensification  of  industry, 
i.e.  create  jobs.  It  would  also  penalise 
the  manufacture  of  short-lived  products. 
In  addition  to  this  tax,  there  should  be 
financial  incentives  for  the  development 
and  installation  of  total  energy  systems, 
a  matter  to  which  we  shall  return  in  the 
section  on  social  systems. 

235.  Finally,  industrial  pollution  can  also 
be  reduced  by  materials  substitution. 
The  substitution  of  synthetic  compounds 
for  naturally  occurring  compounds 
has  created  serious  environmental 
damage  since  in  some  cases  the  syn- 
thetics can  be  broken  down  only 
with  difficulty  and  in  others  not  at  all. 
The  usage  rate  of  these  synthetics  has 


increased  immensely  at  the  expense  of 
the  natural  products,  as  can  be  seen  from 
the  following  examples': 

(a)  In  the  US,  per  capita  consumption 
of  synthetic  detergents  increased  by  300 
per  cent  between  1962  and  1968.  They 
have  largely  replaced  soap  products,  per 
capita  consumption  of  which  fell  by  71 
per  cent  between  1944  and  1964. 

(b)  Synthetic  fibres  are  rapidly  replacing 
cotton,  wool,  silk  and  other  natural 
fibres.  In  the  US,  per  capita  consump- 
tion of  cotton  fell  by  33  per  cent  between 
1950  and  1968. 

(c)  The  production  of  plastics  and 
synthetic  resins  in  the  US,  has  risen  by 
300  per  cent  between  1958  and  1968. 
They  have  largely  replaced  wood  and 
paper  products. 

All  of  these  processes  consume  the 
non-renewable  fossil  fuels,  and  their 
manufacture  requires  considerable  in- 
puts of  energ)'.  On  the  face  of  it,  there- 
fore, a  counter-substitution  of  naturally 
occurring  products  would  much  reduce 
environmental  disruption.  However,  it 
is  possible  that  such  a  change-over, 
while  it  would  certainly  reduce  dis- 
ruption at  one  end,  might  dangerously 
increase  it  at  the  other.  For  example, 
many  more  acres  would  have  to  be  put 
under  cotton,  thus  increasing  demand 
for  pesticides,  more  land  would  have  to 
be  cleared  and  put  under  forest  mono- 
cultures, and  so  on.  This  problem 
can  only  be  solved  by  reducing  total 
consumption. 

236.  Genetic  resources.  Before  leaving 
the  subject  of  resources,  it  is  appropriate 
that  we  consider  the  world's  diminishing 
stock  of  genetic  resources.  Genetic 
diversity  is  essential  for  the  security 
of  our  food  supply,  since  it  is  the  sine 
qua  non  of  plant  breeding  and  intro- 
duction. The  greater  the  number  of 
varieties,  the  greater  the  opportunities 
for  developing  new  hybrids  with  resist- 
ance to  different  types  of  pests  and 
diseases,  and  to  extremes  of  climate.  It  is 
important  that  new  hybrids  be  continu- 
ally developed  since  resistance  to  a 
particular  disease  is  never  a  permanent 
quality.  The  number  of  plant  varieties 
to  be  found  in  nature  is  infinitely 
greater  than  the  number  we  could 
create  artificially.  Most  of  them  are  to  be 
found  in  the  undeveloped  countries 
either  as  traditional  domesticated  plants 
or  as  wild  plants  in  habitats  relatively 
unaltered  by  man.  There  is  a  real  danger 
that  the  former  will  be  replaced  by 
contemporary  high-yield  varieties,  while 


the  latter  will  disappear  when  their 
habitats  are  destroyed.  An  FAO  con- 
ference in  1967  concluded  that  the  plant- 
gene  pool  has  diminished  dangerously, 
for  all  over  the  world  centres  of 
diversity,  our  gene  banks  as  it  were,  are 
disappearing,  and  with  them  our  chance 
of  maintaining  productivity  in  food'. 

237.  Such  centres — areas  of  wilderness 
— are  often  destroyed  because  their 
importance  is  not  understood.  Because 
they  seem  less  productive  than  fields  of 
waving  corn,  or  because  they  are  not 
accessible  or  attractive  to  tourists,  they 
are  considered  in  need  of  "improve- 
ment" or  development,  or  simply  as 
suitable  dumping  grounds  for  the  aein- 
tus  of  civilisation.  This  is  particularly 
true  of  wetlands — estuaries  and  marshes 
— where  pollution,  dredging,  draining 
and  filling  are  looked  on  almost  with 
equanimity,  certainly  with  scant  regard 
for  what  is  being  lost.  Yet  the  complex 
of  living  and  decomposing  grasses, 
and  of  phytoplankton,  characteristic 
of  wetlands,  supports  vast  numbers 
of  fish  and  birds  and  makes  it 
one  of  the  world's  most  productive 
ecosystems.  Estuaries  are  the  spawning 
grounds  of  very  many  fish  and  shellfish 
and  form  the  base  of  the  food-chain  of 
some  60  per  cent  of  our  entire  marine 
harvest.  Should  they  go  we  can  expect 
a  substantial  drop  in  productivity. 

238.  It  is  vital  to  the  future  well-being 
of  man  that  wilderness  areas  and  wet- 
lands be  conserved  at  all  costs.  This 
cannot  be  a  matter  simply  of  taking 
seed  and  storing  it,  since  to  be  valuable 
genetic  stock  must  continue  to  be  sub- 
ject to  normal  environmental  pressures, 
and  besides  we  have  scarcely  any  idea  of 
what  plants  we  shall  find  useful  in  the 
future.  For  these  reasons  we  must  not 
only  conserve  large  areas  of  natural 
habitat,  we  must  also  draw  upon  the 
knowledge  and  experience  of  the  hunter- 
gatherers  and  hunter-farmers  who  gain 
their  livelihood  from  them. 

239.  We  therefore  have  recommended 
to  the  UN  Human  Environment  Con- 
ference thaf: 

(1)  Certain  wilderness  areas  of  tropi- 
cal rain  forest,  tropical  scrub  forest, 
and  arctic  tundra  t>e  declared  inviolate, 
these  being  the  least  understood  and 
most  fragile  biomes; 

(2)  the  hunter-gatherers  and  hunter- 
farmers  within  these  areas  be  given  title 
to  their  lands  (i.e.  those  lands  in  which 
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traditionally  they  have  gained  their 
living)  and  be  allowed  to  live  there 
without  pressure  of  any  kind; 

(3)  severe  restrictions  be  placed  on 
entry  to  these  areas  by  anyone  who  does 
not  live  there  permanently  (while 
allowing  the  indigenes  free  movement); 

(4)  sovereignty  over  the  areas  remain 
with  the  countries  in  which  they  lie; 
who  should  also  be  responsible  for  the 
policing  of  their  boundaries; 

(5)  funds  for  administration  of  these 
areas  and  payments  in  lieu  of  exploita- 
tion (to  the  host  country)  be  collected 
from  UN  members  in  proportion  to 
their  GNP; 

(6)  an  international  body  be  appointed 
as  an  outcome  of  the  Stockholm  Human 
Environment  Conference  to  supervise 
an  ecological  programme  of  research, 
the  results  of  which  should  be  freely 
available  to  participating  countries. 

240.  Social  accounting.  By  the  intro- 
duction of  monetary  incentives  and 
disincentives  it  is  possible  to  put  a 
premium  on  durability  and  a  penalty  on 
disposability,  thereby  reducing  the 
throughput  of  materials  and  energy  so 
that  resources  are  conserved  and  pollu- 
tion reduced.  But  another  important 
way  of  reducingpollution  and  enhancing 
amenity  is  by  the  provision  of  a  more 
equitable  social  accounting  system, 
reinforced  by  anti-disamenity  legisla- 
tion. Social  accounting  procedures  must 
be  used  not  just  to  weigh  up  the  merits 
of  alternative  development  proposals, 
but  also  to  determine  whether  or  not 
society  actually  wants  such  develop- 
ment. Naturally,  present  procedures 
require  improvement:  for  example,  in 
calculating  "revealed  preference"  (the 
values  of  individuals  and  communities 
as  "revealed"  to  economists  by  the 
amount  people  are  willing  and/or  can 
afford  to  pay  for  or  against  a  given 
development),  imagination,  sensitivity 
and  commonsense  are  required  in  order 
to  avoid  the  imposition  on  poor  neigh- 
bourhoods or  sparsely  inhabited 
countryside  of  nuclear  power  stations, 
reservoirs,  motorways,  airports,  and  the 
like;  and  in  calculating  the  "social  time 
preference  rate"  (an  indication  of 
society's  regard  for  the  future)  for  a 
given  project,  a  very  low  discount 
should  be  given,  since  it  is  easier  to 
do  than  undo,  and  we  must  aisimie 
*  that  unless  we  botch  things  completely 
many  more  generations  will  follow  us 
who  will  not  thank  us  for  exhausting 
resources  or  blighting  the  landicape. 
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241.  The  social  costs  of  any  given 
development  should  be  paid  by  those 
who  propose  or  perpetrate  it — "the 
polluter  must  pay"  is  a  principle  that 
must  guide  our  costing  procedures. 
Furthermore,  accounting  decisions 
should  be  made  in  the  light  of  stock 
economics:  in  other  words,  we  must 
judge  the  health  of  our  economy  not  by 
flow  or  throughput,  since  this  inevitably 
leads  to  waste,  resource  depletion  and 
enviroimiental  disruption,  but  by  the 
distribution,  quality  and  variety  of  the 
stock.  At  the  moment,  as  Kenneth 
Boulding  has  pointed  out',  "the  success 
of  the  economy  is  measured  by  the 
amount  of  throughput  derived  in  part 
from  reservoirs  of  raw  materials,  pro- 
cessed by  'factors  of  production',  and 
passed  on  in  part  as  output  to  the  sink 
of  pollution  reservoirs.  The  Gross 
National  Product  (GNP)  roughly  mea- 
sures this  throughput".  Yet,  both 
the  reservoirs  of  raw  materials  and  the 
reservoirs  for  pollution  are  limited  and 
finite,  so  that  ultimately  the  throughput 
from  the  one  to  the  other  must  be 
detrimental  to  our  well-being,  and  must 
therefore  not  only  be  minimised  but  be 
regarded  as  a  cost  rather  than  a  benefit. 
For  this  reason  Boulding  has  suggested 
that  GNP  be  considered  a  measure  of 
gross  national  cost,  and  that  we  devote 
ourselves  to  its  minimisation,  maxi- 
mising instead  the  quality  of  our  stock. 
"When  we  have  developed  the  eco- 
nomy of  the  spaceship  earth",  he  writes, 
"in  which  man  will  persist  in  equi- 
librium with  his  enviroimient,  the  notion 
of  the  GNP  will  simply  disintegrate. 
We  will  be  less  concerned  with  income- 
flow  concepts  and  more  with  capital- 
stock  concepts.  Then  technological 
changes  that  result  in  the  maintenance 
of  the  total  stock  with  less  throughput 
(less  production  and  consumption)  will 
be  a  clear  gain".  We  must  come  to 
assess  our  standard  of  living  not  by 
calculating  the  value  of  all  the  air- 
conditioners  we  have  made  and  sold, 
but  by  the  freshness  of  the  air;  not  by 
the  value  of  the  antibiotics,  hormones, 
feedstuff  and  broUer-houses,  and  the 
cost  of  disposing  of  their  wastes,  all  of 
which  put  so  heavy  a  price  on  poultry 
production  today,  but  by  the  flavour 
and  nutritional  quality  of  the  chickens 
themselves;  and  so  on.  In  other  words, 
accepted  value  must  reflect  real  value, 
just  as  accepted  cost  must  reflect  real 
cost. 

242.  It  is  evident,  however,  that  in  a 


society  such  as  ours,  which  to  a  large 
extent  ignores  the  long-term  conse- 
quences of  its  actions,  there  is  a  sub- 
stantial differential  between  accepted 
cost  and  real  cost.  An  industrial  town, 
for  example,  whose  citizens  and  factories 
pollute  the  air  and  water  systems  around 
it  and  who  feed  themselves  from  a  num- 
ber of  increasingly  intensive  mono- 
cultures, not  only  has  no  way  of 
measuring  the  satisfactions  or  other- 
wise afforded  by  its  life-style,  nor  of 
equitably  distributing  the  costs  imposed 
by  one  polluter  on  another,  but  no  way 
«ther  of  assessing  ecological  costs, 
some  of  which  will  have  to  be  paid  by 
generation  1,  others  by  generations  2, 
3,  4,  etc.,  and  still  others  by  people 
elsewhere,  with  whom  in  every  other 
respect  there  might  be  no  contact.  Thus 
its  agricultural  practices  might  provide 
cheap  and  plentiful  food  for  one 
generation  and  stimulate  its  agro- 
chemical  industries,  but  may  so 
impoverish  the  soil  and  disrupt  the  agro- 
ecosystem,  that  the  next  generation  will 
have  to  import  more  food,  or  failing 
this,  to  resort  to  still  riskier  expedients, 
thereby  seriously  compromising  the 
food  supply  of  the  following  generation ; 
or  the  wastes  of  one  generation  might 
affect  the  health  of  the  next,  or  its 
marine  food  supply,  or  so  increase  the 
mutation  rate  that  future  generations 
receive  an  unlooked  for  genetic  burden. 
The  extent  to  which  we  are  simplifying 
ecosystems  and  destroying  natural  con- 
trols so  that  we  are  forced  to  provide 
technological  substitutes  is  a  real  cost 
against  society  and  should  be  accounted 
as  one.  At  the  moment,  however,  we 
merely  add  up  the  valufe  of  mining 
operations,  factories  and  so  on,  and 
that  of  cleaning  up  the  mess  whenever 
we  attempt  to  do  so,  and  conclude  that 
we  have  never  been  better  off. 

243.  Since  the  full  costs  of  any  action 
anywhere  in  the  world  must  be  borne 
by  someone,  somewhere,  sometime, 
it  is  important  that  our  accounting 
system  makes  provision  for  this.  We 
accept,  however,  that  ecological  pro- 
cesses are  so  complex,  and  can  spread 
so  far  in  space  and  tune,  that  this  will  be 
exceptionally  difficult.  Nonetheless, 
given  the  truism  that  a  satisfactory 
accounting  system  is  one  which  sup- 
ports and  helps  perpetuate  the  social 
system  from  which  it  derives,  we  must 
attempt  to  devise  one  which  is  fitted  to  a 
society  based  on  a  sober  assessment  of 
ecological    reality    and    not    on    the 
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anthropocentric  pipe-dream  that  we 
can  do  what  we  will  to  all  species,  not 
excepting,  it  seems,  future  generations  of 
our  own.  It  is  worth  recalling  Prof. 
Commoner's  dictum  that  since  econo- 
mics is  the  science  of  the  distribution  of 
resources,  all  of  which  are  derived  from 
the  ecosphere,  it  is  foolish  to  perpetuate 
an  economic  system  which  destroys  it. 
Ideally  (and  as  befits  the  etymology  of 
the  two  words),  ecology  and  economics 
should  not  be  in  conflict :  ecology  should 
provide  the  approach,  the  framework 
for  an  understanding  of  the  inter- 
relationships of  social  and  environ- 
mental systems;  and  economics  should 
provide  the  means  of  quantifying  those 
interrelationships  in  the  light  of  such  an 
understanding,  so  that  decisions  on 
alternative  courses  of  action  can  be 
made  without  undue  difficulty. 

244.  One  of  our  long-term  goals, 
therefore,  must  be  to  unite  economics 
and  ecology.  The  specific  measures  we 
have  proposed  are,  we  believe,  necessary 
steps  in  this  direction,  albeit  crude  ones. 
A  raw  materials  tax,  an  amortisation 
tax,  a  power  tax,  revised  methods  of 
calculating  revealed  preference,  social 
time  preference  rate,  and  so  on,  with 
legislative  provision  for  their  enforce- 
ment, a  set  of  air,  water  and  land 
quality  standards  enforceable  at  law  and 
linked  with  a  grant-incentive  pro- 
gramme— these  and  other  measures 
will  have  to  be  introduced  at  an  early 
stage.  Naturally,  the  full  force  of  such 
measures  could  not  be  allowed  to 
operate  Immediately:  they  would  have 
to  be  carefully  graded  so  as  to  be 
effective  without  causing  unacceptable 
degrees  of  social  disturbance.  Plainly 
the  social  consequences  will  be  great, 
and  these  will  be  considered  in  the 
section  on  social  systems.  The  key  to 
success  is  likely  to  be  careful  synchro- 
nisation, and  this  too  will  be  considered 
in  a  separate  section. 

StabilJsiDg  the  population 

250.  We  have  seen  already  that  however 
slight  the  growth  rate,  a  population 
cannot  grow  indefinitely.  It  follows, 
therefore,  that  at  some  point  it  must 
stabilise  of  its  own  volition,  or  else  be 
cut  down  by  some  "natural"  mechanism 
— famine,  epidemic,  war,  or  whatever. 
Since  no  sane  society  would  choose  the 
latter  course,  it  must  choose  to  stabilise. 
To  do  this  it  must  have  some  idea  of  its 
optimum  size,  since  again  it  is  unlikely 
that  any  sane  society  would  choose  to 


stabilise  above  (or  indeed  below)  it. 

251.  The  two  main  variables  affected  by 
population  numbers,  as  opposed  to  per 
capita  consumption,  are  the  extent  to 
which  the  emotional  needs  and  social 
aspirations  of  the  community  can  be 
met  (i.e.  the  complex  of  satisfactions 
which  has  come  to  be  known  as  the 
quality  of  life),  and  the  community's 
ability  to  feed  itself.  In  our  opinion 
there  is  good  social  and  epidemiological 
evidence  that  Britain  and  many  other 
countries  in  both  the  developed  and  un- 
developed worlds  are  overcrowded. 
However,  since  this  is  impossible  to 
prove,  and  since  there  is  immense 
variation  in  individual  emotional  re- 
quirements, it  would  be  unwise  in  the 
present  state  of  our  knowledge  to  rely 
on  quaUty  of  life  judgements  when 
calculating  the  optimum  population. 
Fortunately,  wo  know  much  more  about 
feeding  ourselves,  and  assessment  of  the 
optimum  becomes  a  realisable  task  if 
we  base  it  on  the  simple  ecological 
concept  of  the  carrying  capacity  of  the 
land. 

252.  Carrying  capacity  is  usually  de- 
fined as  the  amount  of  solar  energy 
potentially  available  to  man  via  food- 
plants  in  a  given  area.  This  definition 
must  be  accompanied  by  a  caveat  to  the 
effect  that  if  carrying  capacity  is  con- 
sidered in  terms  of  energetics  alone,  a 
number  of  essential  ecological  and 
nutritional  variables  are  in  danger  of 
exclusion.  For  example,  it  would  be 
easy  to  assume  that  land  used  for  a 
combination  of  purposes  (mixed  farm- 
ing, woodland,  etc.)  would  be  better 
employed  and  could  support  a  larger 
population  if  it  were  exclusively  given 
over  to  the  intensive  production  of 
food-plants  high  in  calories  (e.g.  wheat). 
We  know,  however,  that  protein  and 
the  other  nutrients  are  no  less  vital 
to  us  than  calories,  while  there  is  evi- 
dence that  we  are  more  likely  to  get  the 
proper  nutritional  components  from 
meat  if  it  comes  to  us  from  free-living 
animals.  This  requirement  alone  de- 
mands a  certain  diversity,  both  of 
species  and  habitat,  and  we  have  seen 
too  (in  the  appendix  on  ecosystems)  that 
diversity  is  essential  if  fertility  and 
stability  are  to  be  maintained  over  the 
long-term. 

253.  As  we  have  seen  Britain  supports  a 
population  well  in  excess  of  the  carrying 
capacity  of  the  land  owing  to  its  ability 


to  import  large  amounts  of  food, 
especially  the  cheap  protein  required  to 
feed  our  poultry  and  pigs.  As  world 
population  grows,  and  with  it  global 
agricultural  demand,  so  will  it  be 
increasingly  difficult  for  us  to  find  coun- 
tries with  exportable  surpluses,  sur- 
pluses which  in  any  case  will  become 
progressively  more  expensive.  Unless 
we  are  willing  (and  able)  to  perpetuate 
an  even  greater  inequality  of  distribution 
than  exists  today,  Britain  must  be  self- 
supporting.  We  have  suted  already  our 
belief  that  on  the  evidence  available 
it  is  unUkely  that  there  will  be  any 
significant  increase  in  yidd  per  acre, 
so  that  there  is  no  other  course  open 
to  us  but  to  reduce  our  numbers  before 
we  stabilise.  Since  wo  appear  capable  of 
supporting  no  more  than  half  our 
present  population,  the  figure  we  should 
aim  for  over  the  next  150  to  200  years 
can  be  no  greater  than  30  nullion,  and  in 
order  to  protect  it  from  resource 
fluctuation  probably  less. 

254.  Not  every  country  is  in  such  a 
difficult  position  as  Britain.  A  few  will 
be  able  to  stabihse  at  or  relatively  near 
present  levels.  But  taking  world  popula- 
tion as  a  whole,  and  using  per  capita 
per  diem  protein  intake  as  the  key 
variable  in  assessing  carrying  capacity, 
we  believe  the  optimum  population  for 
the  world  is  unlikely  to  be  above  3,500 
milUon  and  is  probably  a  good  deal 
less.  This  figure  rests  on  three  assump- 
tions: (a)  that  the  average  per  capita 
per  diem  requirements  of  protein  is 
65  grams';  (6)  that  present  agricultural 
production  per  capita  can  be  sustained 
indefinitely;  and  (c)  that  there  is  abso- 
lutely equitable  distribution,  no  country 
enjoying  a  greater  per  capita  per  diem 
protein  intake  than  any  other — which 
compared  with  today's  conditions  is 
absurdly  Utopian.  Utopian  though 
they  may  be,  unless  these  assumptions 
are  realised,  we  are  faced  either  with  the 
task  of  reducing  world  population  still 
further  until  it  is  well  below  the  opti- 
mum, or  with  condoning  inequalities 
grosser  and  more  unjust  than  those 
which  we  in  the  developed  countries 
foster  at  present. 

255.  While  they  cannot  grow  indefi- 
nitely, populations  can  remain  above 
the  optimum — indeed  above  the  sus- 
tainable maximum— for  some  time.  The 
fact  that  the  global  population,  includ- 
ing that  of  Britain,  is  above  both 
levels,  means  only  that  our  numbers  are 
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preventing  the  optimisation  of  other 
values.  It  means  that  while  most  people 
receive  the  bare  minimum  of  calories 
necessary  for  survival,  a  large  propor- 
tion are  deprived  of  the  nutrients 
(especially  protein)  essential  for  intel- 
lectual development.  They  are  alive, 
but  unable  to  realise  their  full  potential 
—which  is  the  grossest  possible  waste 
of  human  resources.  An  optimum 
population,  therefore,  may  be  defined  as 
one  that  can  be  sustained  indefinitely 
and  at  a  level  at  which  the  other  values 
of  its  members  are  optimised — and  the 
fact  that  we  are  above  this  level  does 
not  justify  despair,  but  does  justify  a 
great  sense  of  urgency  in  working 
towards  our  long-term  goal  of  the  opti- 
mum. For  it  is  obvious  that  given  the 
dynamic  of  population  growth,  even 
if  all  nations  today  determined  to 
stabilise  their  populations,  numbers 
would  continue  to  rise  for  some  consider- 
able time.  Indeed  the  Population  Coun- 
cil has  calculated  (Annual  Report  1970) 
that ". .  .  if  the  replacement-sized  family 
is  reahsed  for  the  world  as  a  whole  by 
the  end  of  this  century — itself  an 
unlikely  event — the  world's  population 
will  then  be  60  per  cent  larger  or  about 
5.8  billion,  and  due  to  the  resulting  age 
structure  it  will  not  stop  growing  until 
near  the  end  of  the  next  century,  at 
which  time  it  will  be  about  8.2  billion 
(8,200  million)  or  about  225  per  cent  the 
present  size.  If  replacement  is  achieved 
in  the  developed  world  by  2000  and  in 
the  developing  world  by  2040,  then  the 
world's  population  will  stabilise  at 
nearly  15.5  billion  (15,500  million) 
about  a  century  hence,  or  well  over  four 
times  the  present  size".  Clearly  we  must 
go  all  out  for  the  "unlikely  event"  of 
achieving  the  replacement-sized  family 
(an  average  of  about  two  children  per 
couple)  throughout  the  world  by  the 
end  of  this  century,  if  our  children  are 
not  to  suffer  the  catastrophes  we  seek  to 
avoid. 

256.  Our  task  is  to  end  population 
growth  by  lowering  the  rate  of  recruit- 
ment so  that  it  equals  the  rate  of  loss. 
A  few  countries  will  then  be  able  to 
stabilise,  to  maintain  that  ratio; 
most  others,  however,  will  have  to 
slowly  reduce  their  populations  to  a 
level  at  which  it  is  sensible  to  stabilise. 
Stated  baldly,  the  task  seems  impossible ; 
but  if  we  start  now,  and  the  e.xercise 
is  spread  over  a  sufficiently  long  period 
of  time,  then  we  believe  that  it  is  within 
our   capabilities.    The    difficulties    are 
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enormous,  but  they  are  surmountable. 

257.  First,  goverimients  must  ack- 
nowledge the  problem  and  declare 
their  conmiitment  to  ending  popula- 
tion growth;  this  commitment  should 
also  include  an  end  to  immigration. 
Secondly,  they  must  set  up  national 
population  services  with  a  fourfold 
brief: 

(1)  to  publicise  as  widely  and  vigor- 
ously as  possible  the  relationship 
between  population,  food  supply,  qual- 
ity of  life,  resource  depletion,  etc.,  and 
the  great  need  for  couples  to  have  no 
more  than  two  children.  The  finest 
talents  in  advertising  should  be  re- 
cruited for  this,  and  the  broad  aim 
should  be  to  inculcate  a  socially  more 
responsible  attitude  to  child-rearing. 
For  example,  the  notion  (derived 
largely  from  the  popular  women's 
magazines)  that  childless  couples  should 
be  objects  of  pity  rather  than  esteem 
should  be  sharply  challenged;  and  of 
course  there  are  many  similar  notions 
to  be  disputed. 

(2)  to  provide  at  local  and  national 
levels  free  contraception  advice  and 
information  on  other  services  such  as 
abortion  and  sterilisation; 

(3)  to  provide  a  comprehensive  domi- 
ciliary service,  and  to  provide  contra- 
ceptives free  of  charge,  free  sterilisation, 
and  abortion  on  demand ; 

(4)  to  commission,  finance,  and  co- 
ordinate research  not  only  on  demo- 
graphic techniques  and  contraceptive 
technology,  but  also  on  the  subtle 
cultural  controls  necessary  for  the 
harmonious  maintenance  of  stability. 
We  know  so  little  about  the  dynamics 
of  human  populations  that  we  cannot 
say  whether  the  first  three  measures 
would  be  sufficient.  It  is  self-evident 
that  if  couples  still  wanted  families 
larger  than  the  replacement-size  no 
amount  of  free  contraception  would 
make  any  difference.  However,  because 
we  know  so  little  about  population  con- 
trol, it  would  be  difficult  for  us  to  devise 
any  of  the  socio-economic  restraints 
which  on  the  face  of  it  are  likely  to  be 
more  effective,  but  which  many  people 
fear  might  be  unduly  repressive.  For  this 
reason,  we  would  be  wise  to  rely  on 
the  first  three  measures  for  the  next 
20  years  or  so.  We  then  may  find 
they  are  enough — but  if  they  aren't,  we 
must  hope  that  intensive  research  during 
this  period  will  be  rewarded  with  a  set 
of  socio-economic  restraints  that  are 
both  effective  and  humane.  These  will 


then  constitute  the  third  stage,  and 
should  also  provide  the  tools  for  the 
fourth  stage — that  of  persuading  the 
pubUc  to  have  average  family  sizes 
of  slightly  less  than  replacement  size,  so 
that  total  population  can  be  greatly 
reduced.  If  we  achieve  a  decline  rate  of 
0.5  per  cent  per  year,  the  same  as 
Britain's  rate  of  growth  today,  there 
should  be  no  imbalance  of  population 
structure,  as  the  dependency  ratio  would 
be  exactly  the  same  as  that  of  contem- 
porary Britain.  Only  the  make-up  of 
dependency  would  be  different:  instead 
of  there  being  more  children  than  old 
people,  it  would  be  the  other  way  round. 
The  time-scale  for  such  an  operation 
is  long  of  course,  and  this  will  be 
suggested  in  the  section  on  orchestra- 
tion. 

Creating  a  new  social  system 

260.  Possibly  the  most  radical  change 
we  propose  in  the  creation  of  a  new 
social  system  is  decentralisation.  We  do 
so  not  because  we  are  sunk  in  nostalgia 
for  a  mythical  little  England  of  fetes, 
olde  worlde  pubs,  and  perpetual  con- 
versations over  garden  fences,  but  for 
four  much  more  fundamental  reasons: 

261.  (a)  While  there  is  good  evidence 
that  human  societies  can  happily  remain 
stable  for  long  periods,  there  is  no 
doubt  that  the  long  transitional  stage 
that  we  and  our  children  must  go 
through  will  impose  a  heavy  burden 
on  our  moral  courage  and  will  require 
great  restraint.  Legislation  and  the 
operations  of  poUce  forces  and  the 
courts  will  be  necessary  to  reinforce 
this  restraint,  but  we  believe  that  such 
external  controls  can  never  be  so 
subtle  nor  so  effective  as  internal 
controls.  It  would  therefore  be  sensible 
to  promote  the  social  conditions  in 
which  public  opinion  and  full  public 
participation  in  decision-making  be- 
come as  far  as  possible  the  means  where- 
by communities  are  ordered.  The  larger 
a  community  the  less  lUcely  this  can  be: 
in  a  heterogeneous,  centralised  society 
such  as  ours,  the  restraints  of  the  stable 
society  if  they  were  to  be  effective  would 
appear  as  so  much  outside  coercion; 
but  in  communities  small  enough  for 
the  general  will  to  be  worked  out  and 
expressed  by  individuals  confident  of 
themselves  and  their  fellows  as  indi- 
viduals, ^'iis  and  them"  situations  are 
less  likely  to  occur — people  having 
learned  the  limits  of  a  stable  society 
would  be  free  to  order  their  own  lives 
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within  them  as  (hey  wished,  and  would 
therefore  accept  the  restraints  of  the 
stable  society  as  necessary  and  desirable 
and  not  as  some  arbitrary  restriction 
imposed  by  a  remote  and  unsympa- 
thetic government. 

262.  (6)  As  agriculture  depends  more 
and  more  on  integrated  control  and 
becomes  more  diversified,  there  will 
no  longer  be  any  scope  for  prairie-type 
crop-growing  or  factory-type  livestock- 
rearing.  Small  farms  run  by  teams  with 
specialised  knowledge  of  ecology,  ento- 
mology, botany,  etc.,  will  then  be  the 
rule,  and  indeed  individual  small- 
holdings could  become  extremely  pro- 
ductive suppliers  of  eggs,  fruit  and 
vegetables  to  neighbourhoods.  Thus  a 
much  more  diversified  urban-rural  mix 
will  be  not  only  possible,  but  because 
of  the  need  to  reduce  the  transporta- 
tion costs  of  returning  domestic  sewage 
to  the  land,  desirable.  In  industry,  as 
with  agriculture,  it  will  be  important  to 
maintain  a  vigorous  feedback  between 
supply  and  demand  in  order  to  avoid 
waste,  overproduction,  or  production 
of  goods  which  the  community  does 
not  really  want,  thereby  eliminating  the 
needless  expense  of  time,  energy  and 
money  in  attempts  to  persuade  it  that 
it  does.  If  an  industry  is  an  integral 
part  of  a  community,  it  is  much  more 
likely  to  encourage  product  innovation 
because  people  clearly  want  qualitative 
improvements  in  a  given  field,  rather 
than  because  expansion  is  necessary 
for  that  industry's  survival  or  because 
there  is  otherwise  insufficient  work  for 
its  research  and  development  section. 
Today,  men,  women  and  children  are 
merely  consumer  markets,  and  indus- 
tries as  they  centralise  become  national 
rather  than  local  and  supranational 
rather  than  national,  so  that  while 
entire  communities  may  come  to  depend 
on  them  for  the  jobs  they  supply,  they 
are  in  no  sense  integral  parts  of  those 
communities.  To  a  considerable  extent 
the  "jobs  or  beauty"  dichotomy  has 
been  made  possible  because  of  this 
deficiency.  Yet  plainly  people  want  jobs 
and  beauty,  they  should  not  in  a  just 
and  humane  society  be  forced  to  choose 
between  the  two,  and  in  a  decentralised 
society  of  small  communities  where 
industries  are  small  enough  to  be 
responsive  to  each  community's  needs, 
there  will  be  no  reason  for  them  to  do 
so. 

263.  (c)  The  small  conununity  is  not 


only    the    organisational    structure    in 
which    internal    or    systemic    controls 
are  most  likely  to  operate  effectively, 
but  its  dynamic  is  an  essential  source  of 
stimulation  and  pleasure  for  the  indi- 
vidual. Indeed  it  is  probable  that  only 
in  the  small  community  can  a  man  or 
woman  be  an   individual.   In   today's 
large  agglomerations  he  is  merely  an 
isolate — and  it  is  significant  that  the 
decreasing  autonomy  of  communities 
and  local  regions  and  the  increasing 
centraUsation  of  decision-making  and 
authority  in  the  cumbersome  bureau- 
cracies of  the  state,  have  been  accom- 
panied  by   the   rise   of  self-conscious 
individualism,  an  individualism  which 
feels  threatened  unless  it  is  harped  upon. 
Perhaps  the  two  are  mutually  dependent. 
It  is  no  less  significant  that  this  self- 
conscious   individualism   tends   to    be 
expressed  in  ways  which  cut  off  one 
individual  from  another — for  example 
the   accumulation    of  material   goods 
like  the  motor-car,  the  television  set,  and 
so  on,  all  of  which  tend  to  insulate  one 
from  another,  rather  than  bring  them 
together.   In  the  small,  self-regulating 
communities    observed   by   anthropol- 
ogists, there  is  by  contrast  no  assertion 
of  individualism,  and  certain  individual 
aspirations  may  have  to  be  repressed 
or  modified  for  the  benefit  of  the  com- 
munity— yet  no  man  controls  another 
and  each  has  very  great  freedom  of 
action,    much    greater   than    we   have 
today.  At  the  same  time  they  enjoy  the 
rewards  of  the  small  community,   of 
knowing  and  being  known,  of  an  inten- 
sity of  relationships  with  a  few,  rather 
than  urban  man's  variety  of  innumer- 
able,   superficial    relationships.     Such 
rewards   should   provide   ample   com- 
pensation for  the  decreasing  emphasis 
on  consumption,  which  will  be  the  inevit- 
able result  of  the  premium  on  durability 
which   we   have   suggested   should   be 
established  so  that  resources  may  be 
conserved    and    pollution    minimised. 
This  premium,  while  not  diminishing 
our  real  standard  of  living,  will  greatly 
reduce  the  turnover  of  material  goods. 
They    will    thus    be    more    expensive, 
although   once  paid   for   they   should 
not   need  replacing  except  after  long 
periods.  Their  rapid  accumulation  will 
no  longer  be  a  realisable,  or  indeed 
socially  acceptable  goal,  and  alterna- 
tive satisfactions  will  have  to  be  sought. 
We  believe  a  major  potential  source  of 
these  satisfactions  to  be  the  rich  and 
variegated  interchanges  and  responsi- 
bilities of  community  life,  and  that  these 


are  possible  only  when  such  communi- 
ties are  on  a  human  scale. 

264.  {d)  The  fourth  reason  for  decen- 
tralisation is  that  to  deploy  a  popula- 
tion in  small  towns  and  villages  is  to 
reduce  to  the  minimum  its  impact  on 
the  environment.  This  is  because  the 
actual  urban  superstructure  required 
per  inhabitant  goes  up  radically  as  the 
size  of  the  town  increases  beyond  a 
certain  point.  For  example,  the  per 
capita  cost  of  high  rise  fiats  is  much 
greater  than  that  of  ordinary  houses; 
and  the  cost  of  roads  and  other  trans- 
portation routes  increases  with  the 
nuunber  of  commuters  carried.  Simi- 
larly, the  per  capita  expenditure  on 
other  facilities  such  as  those  for  distri- 
buting food  and  removing  wastes  is 
much  higher  in  cities  than  in  small 
towns  and  villages.  Thus,  if  everybody 
lived  in  villages  the  need  for  sewage 
treatment  plants  would  be  somewhat 
reduced,  while  in  an  entirely  urban 
society  they  are  essential,  and  the  cost  of 
treatment  is  high.  Broadly  speaking, 
it  is  only  by  decentralisation  that  we 
can  increase  self-sufficiency — and  self- 
sufficiency  is  vital  if  we  are  to  minimise 
the  burden  of  social  systems  on  the 
ecosystems  that  support  them. 

265.  Although  we  believe  that  the  small 
community  should  be  the  basic  unit  of 
society  and  that  each  community  should 
be  as  self-sufficient  and  self-regulating 
as  possible,  we  would  like  to  stress  that 
we  are  not  proposing  that  they  be 
inward-looking,  self-obsessed  or  in 
any  way  closed  to  the  rest  of  the  world. 
Basic  precepts  of  ecology,  such  as  the 
interrelatedness  of  all  things  and  the 
far-reaching  effects  of  ecological  pro- 
cesses and  their  disruption,  should 
influence  community  decision-making, 
and  therefore  there  must  be  an  efficient 
and  sensitive  communications  network 
between  all  communities.  There  must  be 
procedures  whereby  community  actions 
that  affect  regions  can  be  discussed  at 
regional  level  and  regional  actions  with 
extra-regional  effects  can  be  discussed 
at  global  level.  We  have  no  hard  and 
fast  views  on  the  size  of  the  proposed 
communities,  but  for  the  moment  we 
suggest  neighbourhoods  of  500,  repre- 
sented in  communities  of  5,000,  in 
regions  of  300,000,  represented  nation- 
ally, which  in  turn  as  today  should  be 
represented  globally.  We  emphasise 
that  our  goal  should  be  to  create 
community  feeling  and  global  awareness, 
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rather  than  that  dangerous  and  sterile 
compromise  which  is  nationahsm. 

266.  In  many  of  the  developed  countries 
where  community  feeling  has  been 
greatly  eroded  and  has  given  way  to 
heterogeneous  congeries  of  strangers, 
the  task  of  re-creating  communities  will 
be  immensely  difficult.  In  many  of  the 
undeveloped  countries,  however,  al- 
though it  will  not  be  easy,  because  the 
process  of  community  collapse  and 
flight  to  the  city  has  begun  only  recently 
there  is  a  real  chance  that  it  can  be 
halted  by  such  means  as  the  abandon- 
ment of  large-scale  industrial  projects 
for  the  development  of  intermediate 
technologies  at  village  level;  and  the 
provision  of  agro-ecological  training 
teams  so  that  communities  can  be 
taught  to  manage  the  land  together, 
rather  than  encourage  farmers  to  turn 
to  expensive  and  dangerous  procedures 
like  the  heavy  use  of  pesticides  and 
fertilisers,  which  tend  to  reduce  the 
number  of  people  needed  on  the  land. 

267.  At  home,  industry  will  play  a 
leading  role  in  the  programme  to 
decentralise  our  economy  and  society. 
The  discussion  of  taxes,  antidisamenity 
legislation,  and  enforceable  targets  for 
air,  land  and  water  quahty  in  the 
section  on  stock  economics  might  lead 
some  to  beUeve  that  we  are  wiUing  to 
bring  about  the  collapse  of  industry, 
widespread  unemployment,  and  the 
loss  of  our  export  markets.  It  is  therefore 
worth  emphasising  that  we  wish  strongly 
to  avoid  all  three,  and  we  do  not  see 
that  they  are  necessary  or  inevitable 
consequences  of  our  proposals.  It  is 
obvious  that  for  as  long  as  we  depend 
on  imports  for  a  significant  proportion 
of  our  food,  so  we  must  export.  And 
since  we  are  likely  to  require  food- 
imports  for  the  next  1 50  years,  we  are 
left  with  the  question  of  whether  it  is 
possible  to  develop  community  indus- 
tries, dedicated  to  the  principles  of 
maximal  use/recycling  of  materials  and 
durability  of  goods,  and  at  the  same 
time  to  earn  an  adequate  revenue  from 
exports. 

268.  We  believe  that  the  answer  is  yes, 
if  the  change-over  is  conducted  in  two 
stages.  The  first  stage  is  to  alter  the 
direction  of  growth  so  that  it  becomes 
more  compatible  with  the  aims  of  a 
stable  society.  We  have  already  men- 
tioned that  the  recycling  industry  must 
be  encouraged  to  expand,  and  it  is 
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obvious  that  willy-nilly  it  will  do  so 
as  over  the  years  taxes  and  quality 
targets  become  more  stringent.  To  give 
a  clearer  idea  of  how  the  direction  can 
be  altered  we  will  consider  briefly  the 
question  of  transport. 

269.  There  are  more  than  12  million 
cars  in  Britain  today,  and  according  to 
the  Automobile  Association  this  figure 
will  rise  to  21  million  by  1981.  About 
half  the  households  in  Britain  own  a  car 
today,  and  presumably  the  car  popula- 
tion is  expected  to  rise  in  response  to  a 
rise  in  this  proportion,  though  pre- 
sumably too,  more  households  will  own 
more  than  one  car.  At  all  events  we 
have  sufficient  experience  of  traffic 
congestion  in  our  towns  and  cities  and 
the  rape  of  countryside  and  community 
by  ring-roads  and  motorways  to  reaUse 
that  the  motor-car  is  by  no  means  the 
best  way  of  democratising  mobility. 
Indeed,  if  every  household  had  a  car, 
we  would  be  faced  with  the  choice  of 
leaving  towns  and  country  worth 
driving  to  and  thereby  imposing  immo- 
bility on  the  motorist,  or  of  providing 
liim  with  the  vast  expanses  of  concrete 
which  are  becoming  increasingly  neces- 
sary to  avoid  congestion  at  the  expense 
of  the  areas  they  sterilise  and  blight. 

270.  No-one  can  contemplate  with 
equanimity  the  doubling  of  roads  within 
this  decade  necessary  to  maintain  the 
status  quo,  and  we  must  therefore  seek 
sensible  transportation  alternatives.  It 
is  clear  that  broadly-speaking  the  only 
alternative  is  public  transport — a  mix 
of  rapid  mass-transit  by  road  and  rail. 
Rail  especially  should  never  have  been 
allowed  to  run  down  to  the  extent  that 
it  has.  The  power  requirements  for 
transporting  freight  by  road  are  five  to 
six  times  greater  than  by  rail  and  the 
pollution  is  correspondingly  higher. 
The  energy  outlay  for  the  cement  and 
steel  required  to  build  a  motorway  is 
three  to  four  times  greater  than  that  re- 
quired to  build  a  railway,  and  the  land 
area  necessary  for  the  former  is  estimated 
to  be  four  times  more  than  for  the 
latter.  PubUc  transport  whether  by 
road  or  rail  is  much  more  efficient  in 
terms  of  per  capita  use  of  materials  and 
energy  than  any  private  alternative.  It 
can  also  be  as  flexible,  provided  it  is 
encouraged  at  the  expense  of  private 
transport. 

271.  This  is  the  key  to  the  provision  of  a 
sound  transportation  system.  First  the 


vicious  spiral  of  congestion  slowing 
buses,  losing  passengers,  raising  fares, 
losing  more  passengers,  using  more 
cars,  creating  more  congestion,  etc., 
must  be  broken.  A  commitment  to 
build  no  more  roads  and  to  use  the 
capital  released  to  subsidise  public 
transport  would  be  an  excellent  way  of 
doing  this.  The  men  who  would  norm- 
ally live  by  roadbuilding  could  be 
diverted  to  clearing  derelict  land  and 
restoring  railways  and  canals  as  part 
of  a  general  programme  of  renewal. 
From  there,  the  progressive  imposition 
of  restrictions  on  private  transport  and 
the  stimulation  of  public  transport  so 
that  it  could  provide  a  fast,  efficient 
and  flexible  alternative  would  be  a 
matter  of  course.  Within  the  motor 
Industry,  the  decline  in  production  of 
conventional  private  vehicles  would  be 
compensated  for  by  the  increased 
production  of  alternative  mass-transit 
systems.  There  would  also  be  a  switch 
of  capital  and  manpower  to  the  re- 
development of  railway  systems.  In  the 
long  term,  however,  decentralisation 
will  bring  a  diminished  demand  for 
mobUity  itself.  As  Stephen  Boyden  has 
pointed  out',  people  use  their  cars  for 
four  main  reasons :  to  go  to  work,  to  go 
to  the  countryside,  to  visit  friends  and 
relations,  and  to  show  off.  In  the  stable 
society,  however,  each  community  will 
provide  its  own  jobs,  there  vrill  be 
countryside  around  it,  most  friends  and 
relations  will  be  within  it,  and  there  will 
be  much  more  reliable  and  satisfying 
ways  of  showing  off. 

272.  This  brings  us  to  the  second  stage 
of  the  change-over,  in  which  industry 
turns  to  the  invention,  production,  and 
installation  of  technologies  that  are 
materials  and  energy  conservative,  that 
are  flexible,  non-polluting  and  durable, 
employment-intensive  and  favouring 
craftsmanship.  Progress  as  we  conceive 
of  it  today  consists  in  increasing 
an  already  arbitrarily  high  ratio  of 
capital  to  job  availability ;  but  if  instead 
this  ratio  were  to  be  reduced,  then  our 
manpower  requirement  would  go  up, 
while  at  the  same  time  the  pollution 
which  is  the  inevitable  by-product  of 
capital  growth  would  be  cut  dow.n.  The 
switch  in  emphasis  from  quantity  to 
quality  will  not  only  stimulate  demand 
for  manpower,  it  will  also  stabilise  it  and 
give  much  greater  satisfaction  to  the 
men  themselves.  Instead  of  men  being 
used  as  insensate  units  to  produce 
increasing  quantities   of  components. 
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they  should  be  trained  and  given  the 
opportunity  to  improve  the  quahty  of 
their  work.  The  keynotes  of  the  manu- 
facturing sector  should  come  to  be 
durabihty  and  craftsmanship — and  such 
a  premium  on  quality  should  assure 
us  an  export  revenue  large  enough  for 
us  to  continue  buying  food  from  abroad, 
while  providing  our  manpower  with 
more  enjoyable  occupations.  In  the 
case  of  industries  like  the  aircraft  indus- 
try, which  would  naturally  have  a 
greatly  reduced  role  in  the  stable 
society,  their  engineering  expertise  could 
be  turned  to  the  development  of  such 
things  as  total  energy  systems — designed 
to  provide  the  requirements  of  a 
decentralised  society  with  the  minimum 
of  environmental  disruption. 

273.  Industry  can  completely  fulfil  its 
new  role  only  in  close  harmony  with 
particular  communities,  so  that  the 
unreal  distinction  between  men  as 
employees  and  men  as  neighbours  can 
be  abandoned,  and  jobs  then  given  on 
the  basis  that  work  must  be  provided 
by  the  community  for  the  sake  of  that 
community's  stability  and  not  because 
one  group  wishes  to  profit  from  another 
group's  labour  or  capital  as  the  case 
may  be.  As  industry  decentralises  so 
will  the  rest  of  society.  The  creation 
of  communities  will  come  from  the 
combination  of  industrial  change  and  a 
conscious  drive  to  re-structure  society. 

274.  The  principal  components  of  this 
drive  are  likely  to  be  the  redistribution 
of  government  and  the  gradual  incul- 
cation of  a  sense  of  community  and  the 
other  values  of  a  stable  society.  Over  a 
stated  period  of  time,  local  government 
should  be  strengthened  and  as  many 
functions  as  possible  of  central  govern- 
ment should  be  transferred  to  it.  The 
redistribution  of  government  should 
proceed  on  the  principle  that  issues 
which  affect  only  neighbourhoods 
should  be  decided  by  the  neighbourhood 
alone,  those  which  affect  only  communi- 
ties by  the  coimnunity  alone,  those 
which  affect  only  regions  by  the  region 
alone,  and  so  on.  As  regions,  commu- 
nities and  neighbourhoods  come  in- 
creasingly to  run  their  own  affairs,  so 
the  development  of  a  sense  of  com- 
munity will  proceed  more  easily,  though 
we  do  not  pretend  that  it  will  be 
without  its  problems. 

275.  Those  regions  which  still  have  or 
are  close  to  having  a  good  urban-rural 


mix  will  be  able  to  effect  a  relatively 
smooth  transfer,  but  highly  urbanised 
areas  like  London,  the  Lancashire 
conurbation,  and  South  Wales  will  find 
it  much  more  difficult  to  re-create  com- 
munities. Nevertheless,  even  in  London 
the  structural  remains  of  past  commu- 
nities (hke  the  villages  of  Putney,  High- 
gate,  Hackney,  Islington,  etc.)  will 
provide  the  physical  nuclei  of  future 
communities — the  means  of  orienting 
themselves  so  that  they  can  cut  them- 
selves away  from  those  deserts  of  com- 
merce and  packaged  pleasure  (of  which 
the  most  prominent  example  is  the 
Oxford  Street,  Regent  Street,  Piccadilly 
complex)  on  which  so  much  of  London's 
life  is  currently  focused. 

276.  It  is  self-evident  that  no  amount  of 
legislative,  administrative  or  industrial 
change  will  create  stable  communities 
if  the  individuals  who  are  meant  to 
comprise  them  are  not  fitted  for  them. 
As  soon  as  the  best  means  of  inculcating 
the  values  of  the  stable  society  have 
been  agreed  upon,  they  should  be  incor- 
porated into  our  educational  systems. 
Indeed,  it  may  not  be  until  the  genera- 
tion of  40-50  year  olds  have  been 
educated  in  these  values  (so  that  as  far 
as  possible  everybody  up  to  the  age  of 
50  understands  them)  that  stable  com- 
munities will  achieve  sufficient  accept- 
ance for  them  to  be  permanently  useful. 

Orchestration 

280.  A  cardinal  assumption  of  this 
strategy  is  that  it  will  not  succeed  with- 
out the  most  careful  synchronisation  and 
integration.  We  cannot  say  of  a  parti- 
cular section  of  these  proposals  that  it 
alone  is  acceptable,  and  therefore  we 
will  go  ahead  with  it  immediately  but 
consider  the  rest  later  on!  This  section, 
therefore,  is  devoted  to  a  schematic, 
annotated  outline  of  how  change  might 
be  orchestrated.  It  is  necessarily  unso- 
phisticated and  oversimplified,  but  we 
hope  it  will  give  some  idea  of  how 
change  in  one  quarter  will  aid  change 
in  the  others. 

281.  Variables  included  in  schematic 
outline: 

(a)  establishment  of  national  popu- 
lation service 

(b)  introduction  of  raw  materials, 
amortisation  and  power  taxes;  anti- 
disamenity  legislation;  air,  land  and 
water  quality  targets;  recycling 
grants;  revised  social  accounting 
systems 


(c)  developed  countries  end  com- 
mitment to  persistent  pesticides  and 
subsidise  similar  move  by  unde- 
veloped countries 

(d)  end  of  subsidies  on  inorganic 
fertilisers 

(e)  grants  for  use  of  organics  and 
introduction   of  diversity 

(f)  emergency  food  programme  for 
undeveloped  countries 

(g)  progressive  substitution  of 
non-persistent  for  persistent  pesticides 

(h)  integrated  control  research  pro- 
gramme 

(i)  integrated  control  training  pro- 
grainme 

(j)  substitution  of  integrated  con- 
trol for  chemical  control 

(k)  progressive  introduction  of  di- 
versified farming  practices 

(I)  end  of  road  building 

(m)  clearance  of  derelict  land  and 
beginning  of  renewal  programme 

(n)  restrictions  on  private  transport 
and  subsidies  for  public  transport 

(0)  development  of  rapid  mass- 
transit 

(p)  research  into  materials  substitu- 
tion 

(q)  development  of  alternative 
technologies 

(r)  decentralisation  of  industry: 
part   one   (redirection) 

(s)  decentralisation  of  industry: 
part  two  (development  of  community 
types) 

(t)  redistribution  of  government 

(u)  education  research 

(v)  teacher  training 

(w)  education 

(x)  experimental  community 

(y)  domestic  sewage  to  land 

(z)  target  date  for  basic  establish- 
ment of  network  of  self-suflScient, 
self-regulating  communities. 

282.  Notes: 

(1)  should  be  operating  fully  by 
1980;  review  in  1 995~if  replacement- 
size  families  improbable  by  2000, 
bring  in  socio-economic  restraints; 
UK  population  should  begin  to 
slowly  decline  from  2015-2020  on- 
wards; world  population  from  2100; 
little  significant  feedback  expected  in 
UK  until  about  2030. 

(2)  progressive;  ironing  out  run  to 
eliminate  inconsistencies  up  to  1980; 
thereafter  revise  and  tighten  every 
five  years;  increasingly  significant 
feedback  from  1980  onwards,  stimu- 
lating materials-energy  conservation, 
employment-intensive  industry,  decen- 
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Figure  3  Schematic  outline  of  change. 
(Sec  text  for  key) 
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tralisation,  and  progress  in  direction 
of(p).  (q),  (r)and(s). 

(3)  limited  substitution  of  inte- 
grated control  can  begin  quite  soon, 
but  large-scale  substitution  will  de- 
pend on  (h)  integrated  control  research 
programme,  naturally  (h).  (i)  and  (j) 
will  run  in  parallel  and  are  therefore 
represented  as  one;  (g)  will  also 
continue  for  some  time. 

(4)  diversified  farming  practices  (k) 
and  integrated  control  (j)  will  link  up 
and  form  an  agriculture  best-suited 
for  small,  reasonably  self-sufficient 
communities,  so  stimulating  their 
development :  significant  feedback, 
therefore,  will  occur  from  this  point. 

(5)  likely  to  be  necessary  at  least 
until  2100. 

(6)  labour  released  from  road 
building  can  go  to  (m)  clearance  of 


derelict  land,  which  should  be  com- 
pleted by  1985:  thereafter  there  may 
be  other  renewal  programmes  such  as 
canal  restoration,  while  agriculture 
will  increasingly  require  more  man- 
power. 

(7)  development  of  alternative 
technologies  (q)  and  redirecting  of 
industry  (r)  will  proceed  in  harness; 
progressively  significant  feedback 
between  (b)  and  (t). 

(8)  target  date  for  maximum  re- 
distribution of  government  2030  to 
coincide  with  45  years  operation  of 
(w);  see  note  (9). 

(9)  five  years  only  allowed  for  pre- 
liminary organisation  and  research, 
since  it  can  proceed  in  harness  with 
teacher  training  (v)  and  also  with  the 
education  programme  itself  (w). 

(10)  an  experimental  community  of 


500  could  be  set  up  to  clarify  prol>- 
lems;  feedback,  to  (u). 

(11)  as  soon  as  communities  are 
small  enough,  domestic  sewage  can 
be  returned  to  the  land;  there  should 
be  the  firm  beginnings  of  a  good 
urban-rural  mix  by  then. 

(12)  by  this  time  there  should  be 
sufficient  diversity  of  agriculture, 
decentralisation  of  industry  and  re- 
distribution of  government,  together 
with  a  large  proportion  of  people 
whose  education  is  designed  for  life 
in  the  stable  society,  for  the  establish- 
ment of  self-sufficient,  self-regulating 
corrununities  to  be  well-advanced. 
At  this  point  taxation,  grants,  incen- 
tives, etc,  could  be  taken  over  by  the 
communities  themselves.  A  further 
generation  is  allowed  until  target  date, 
however. 


Better  farming: 
better  food 
better  health... 


If  we  are  to  survive,  the  world's  capacity  to  produce  food  must  not  be  compromised 
by  attempts  to  achieve  yields  so  high  that  they  cause  accelerated  erosion  of  our  soils 
or  pollution  greater  than  the  ecosphere  can  absorb.  The  Soil  Association  aims  to 
improve  the  standard  of  our  farming  in  order  to  conserve  soils  and  promote  greater 
ecological  stability.  It  means  improving  the  appearance  of  the  countryside,  improving 
the  nutritive  value  of  produce  and  so,  incidentally,  improving  our  own  health. 

If  it  is  to  succeed,  the  Association  must  be  able  to  tell  the  public  what  is  happening 
and  what  reforms  are  needed.  This  costs  money  and  it  calls  for  interested  individuals 
through  whom  it  can  channel  information. 

The  task  is  big  and  of  vital  importance  to  the  future  of  food  production.  You  can 
help.  Become  one  of  the  Soil  Association's  members,  committed  to  ensuring  a  safe 
future  for  our  farms  and  our  children. 

The  Soil  Association  assisted  in  the  preparation  of  A  Blueprint  for  survival.  Members 
are  entitled  to  subscribe  to  The  Ecologist  at  a  reduced  rate. 

Write  now  for  further  details  to  The  Secretary,  The  Soil  Association,  Walnut  Tree 
Manor,  Haughley,  Stowmarket,  Suffolk  IP14  3RS. 
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The  Goal 


311.  There  is  every  reason  to 
suppose  that  the  stable  society 
would  provide  us  with  satisfactions 
that  would  more  than  compensate 
for  those  which,  with  the  passing 
of  the  industrial  state,  it  will 
become  increasingly  necessary  to 
forgo. 

312.  We  have  seen  that  man  in  our 
present  society  has  been  deprived  of  a 
satisfactory  social  environment.  A 
society  made  up  of  decentralised,  self- 
sufficient  communities,  in  which  people 
work  near  their  homes,  have  the 
^responsibility  of  governing  themselves, 
of  running  their  schools,  hospitals,  and 
welfare  services,  in  fact  of  constituting 
real  communities,  should,  we  feel,  be  a 
much  happier  place. 

313.  Its  members,  in  these  conditions, 
would  be  likely  to  develop  an  identity 
of  their  own,  which  many  of  us  have 
lost  in  the  mass  society  we  live  in. 
They  would  tend,  once  more,  to  find  an 
aim  in  life,  develop  a  set  of  values,  and 
take  pride  in  their  achievements  as  well 
as  in  those  of  their  community. 

314.  It  is  the  absence  of  just  these  things 
that  is  rendering  our  mass  society  ever 
less  tolerable  to  us  and  in  particular 
to  our  youth,  and  to  which  can  be 
attributed  the  present  rise  in  drug- 
addiction,  alcoholism  and  delinquency, 
all  of  which  are  symptomatic  of  a 
social  disease  in  which  a  society  fails  to 
furnish  its  members  with  their  basic 
psychological  requirements. 

315.  More  than  a  hundred  years  ago, 
John  Stuart  Mill  realised  that  industrial 
society,  by  its  very  nature,  could  not  last 
for  long  and  that  the  stable  society  that 
must  replace  it  would  be  a  far  better 
place.  He  wrote': 
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"I  cannot  .  .  .  regard  the  stationary 
state  of  capital  and  wealth  with  the 
unaffected  aversion  so  generally  mani- 
fested towards  it  by  political  economists 
of  the  old  school.  I  am  inclined  to 
believe  that  it  would  be,  on  the  whole, 
a  very  considerable  improvement  on  our 
present  condition.  I  confess  I  am  not 
charmed  with  the  ideal  of  life  held 
out  by  those  who  think  that  the  normal 
state  of  human  beings  is  that  of 
struggling  to  get  on;  that  the  trampling, 
crushing,  elbowing,  and  treading  on 
each  other's  heels  which  forms  the 
existing  type  of  social  life,  are  the  most 
desirable  lot  of  human  kind.  .  .  .  The 
northern  and  middle  states  of  America 
are  a  specimen  of  this  stage  of  civilisa- 
tion in  very  favourable  circumstances; 
and  all  that  these  advantages  seem  to 
have  yet  done  for  them  ...  is  that  the 
life  of  the  whole  of  one  sex  is  devoted 
to  dollar  hunting,  and  of  the  other  to 
breeding  dollar-hunters. 

"f  know  not  why  it  should  be  a  matter 
of  congratulation  that  persons  who  are 
already  richer  than  anyone  needs  to  be, 
should  have  doubled  their  means  of 
consumings  things  which  give  little  or 
no  pleasure  except  as  representative  of 
wealth  ...  It  is  only  in  the  backward 
countries  of  the  world  that  increased 
production  is  still  an  important  object; 
in  those  most  advanced,  what  is 
economically  needed  is  a  better  distribu- 
tion, of  which  one  indispensable  means 
is  a  stricter  restraint  on  population  .  .  . 
The  density  of  population  necessary  to 
enable  mankind  to  obtain,  in  thegreatest 
degree,  all  the  advantages  both  of 
cooperation  and  of  social  intercourse, 
has,  in  all  the  most  populous  countries, 
been  attained  ...  It  is  not  good  for  a 
man  to  be  kept  perforce  at  all  times  in 
the  presence  of  his  species  .  .  .  Nor  is 
there  much  satisfaction  in  contemplating 
a  world  with  nothing  left  to  the  spon- 


taneous activity  of  nature  ...  If  the 
earth  must  lose  that  great  portion  of  its 
pleasantness  which  it  owes  to  things 
that  the  unlimited  increase  of  wealth 
and  population  would  extirpate  from  it, 
for  the  mere  purpose  of  enabling  it  to 
support  a  larger  population,  I  sincerely 
hope,  for  the  sake  of  posterity,  that  they 
will  be  content  to  be  stationary,  long 
before  necessity  compels  them  to  it. 

"It  is  scarcely  necessary  to  remark 
that  a  stationary  condition  of  capital 
and  population  implies  no  stationary 
state  of  human  improvement.  There 
would  be  as  much  scope  as  ever  for  all 
kinds  of  mental  culture,  and  moral  and 
social  progress;  as  much  room  for 
improving  the  Art  of  Living  and  much 
more  likelihood  of  it  being  improved, 
when  minds  cease  to  be  engrossed  by 
the  art  of  getting  on." 

The  importance  of  a  varied 
environment 

321.  In  our  industrial  society,  the  only 
things  that  tend  to  get  done  are  those 
that  are  particularly  conducive  to 
economic  growth,  those  in  fact  that,  in 
terms  of  our  present  accounting  system, 
are  iudged  most  efficient! 

322.  This  appears  to  be  almost  the  sole 
consideration  determining  the  nature  of 
the  crops  we  sow,  the  style  of  our 
houses,  and  the  shape  of  our  cities.  The 
result,  among  other  things,  is  the 
dreariest  possible  uniformity. 

323.  In  a  stable  society,  on  the  other 
hand,  there  would  be  nothing  to  prevent 
many  other  considerations  from  deter- 
mining what  we  cultivate  or  build. 
Diversity  would  thus  tend  to  replace 
uniformity,  a  trend  that  would  be 
accentuated  by  the  diverging  cultural 
patterns  of  our  decentralised  com- 
munities. 
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324.  As  Rene  Dubos  has  pointed  out^: 
"In  his  recent  book,  The  Myth  of  the 
Machine,  Lewis  Mum  ford  states  that 
"If  man  had  originally  inhabited  a 
world  as  blankly  uniform  as  a  "high- 
rise"  housing  development,  as  feature- 
less as  a  parking  lot,  as  destitute  of  life 
as  an  automated  factory,  it  is  doubtful 
that  he  would  have  had  a  sufficiently 
varied  experience  to  retain  images, 
mould  language,  or  acquire  ideas'.  To 
this  statement,  Mr  Mumford  would  pro- 
bably be  willing  to  add  that,  irrespective 
of  genetic  constitution,  most  young 
people  raised  in  a  featureless  environ- 
ment and  limited  to  a  narrow  range  of 
life  experiences  will  be  crippled  intel- 
lectually and  emotionally. 

"We  must  shun  uniformity  of  sur- 
roundings as  much  as  absolute  con- 
formity of  behaviour,  and  make  instead 
a  deliberate  effort  to  create  as  many 
diversified  environments  as  possible. 
This  may  result  in  some  loss  of  effici- 
ency, but  the  more  important  goal  is  to 
provide  the  many  kinds  of  soil  that  will 
permit  the  germination  of  the  seeds  now 
dormant  in  man's  nature.  In  so  far  as 
possible,  the  duplication  of  uniformity 
must  yield  to  the  organisation  of 
diversity.  Richness  and  variety  of  the 
physical  and  social  environment  con- 
stitute crucial  aspects  of  functionalism, 
whether  in  the  planning  of  cities,  the 
design  of  dwellings,  or  the  management 
oflife." 

Real  Costs 

331.  We  might  regard  with  apprehen- 
sion a  situation  in  which  we  shall  have 
to  make  do  without  many  of  the  devices 
such  as  motor-cars,  and  various  domes- 
tic appliances  which,  to  an  ever  greater 
extent  are  shaping  our  everyday  lives. 

332.  These  devices  may  indeed  provide 
us  with  much  leisure  and  satisfaction, 
but  few  have  considered  at  what  cost. 
For  instance,  how  many  of  us  take  into 
account  the  dull  and  tedious  work  that 
has  to  be  done  to  manufacture  them, 
or  for  that  matter  to  earn  the  money 
required  for  their  acquisition?  It  has 
been  calculated'  that  the  energy  used 
by  the  machines  that  provide  the  average 
American  housewife  with  her  high 
standard  of  living  is  the  equivalent  of 
that  provided  by  five  hundred  slaves. 

333.  In  this  respect,  it  is  diiBcult  to 
avoid  drawing  a  comparison  between 
ourselves  and  the  Spartans,  who  in 
order  to  avoid  the  toil  involved  in  tilling 


the  fields  and  building  and  maintaining 
their  homes  employed  a  veritable  army 
of  helots.  The  Spartan's  life,  as  every- 
body knows,  was  a  misery.  From  early 
childhood,  boys  were  made  to  live  in 
barracks,  were  fed  the  most  frugal  and 
austere  diet  and  spent  most  of  their 
adult  life  in  military  training  so  as  to  be 
able  to  keep  down  a  vast  subject  popu- 
lation, always  ready  to  seize  an  oppor- 
tunity to  rise  up  against  its  masters. 
It  never  occurred  to  them  that  they 
would  have  been  far  better  off  without 
their  slaves,  fulfilling  themselves  the 
far  less  exacting  task  of  tilling  their 
own  fields  and  building  and  maintaining 
their  own  homes. 

334.  In  fact  "economic  cost",  as  we 
have  seen,  simply  does  not  correspond 
to  "real  cost".  Within  a  stable  society 
this  gap  must  be  bridged  as  much  as 
possible. 

335.  This  means  that  we  should  be 
encouraged  to  buy  things  whose  produc- 
tion involves  the  minimum  environ- 
mental disruption  and  which  will  not 
give  rise  to  all  sorts  of  unexpected  costs 
that  would  outweigh  the  benefits  that 
their  possession  might  provide. 

Real  Value 

34 1 .  It  is  also  true,  as  we  have  seen,  that 
"economic  value"  as  at  present  calcu- 
lated does  not  correspond  to  real  value 
any  more  than  "economic  cost"  corres- 
ponds to  real  cost. 

342.  Our  standard  of  living  is  calculated 
in  terms  of  the  market  prices  of  the 
goods  that  it  includes.  These  do  not 
distinguish  between,  on  the  one  hand, 
the  gadgets  that  we  do  not  really  need 
and  such  essentials  as  unpolluted  water, 
air  and  food  on  which  our  health  must 
depend.  In  fact  it  tends  to  place  greater 
value  on  the  former,  as  we  usually  take 
the  latter  for  granted. 

343.  It  is  in  terms  of  these  market 
prices  that  the  GNP  is  calculated,  and  as 
we  have  seen,  this  provides  the  most 
misleading  indication  of  our  well-being. 

Edward  Mishan*  points  out  that 
".  .  .  An  increase  in  the  numbers  killed 
on  the  roads,  an  increase  in  the  numbers 
dying  from  cancer,  coronaries  or  ner- 
vous diseases,  provides  extra  business 
for  physicians  and  undertakers,  and 
can  contribute  to  raising  GNP.  A 
forest  destroyed  to  produce  the  hun- 
dreds of  tons  of  paper  necessary  for  the 


American  Sunday  editions  is  a  compo- 
nent of  GNP.  The  spreading  of  concrete 
over  acres  of  once  beautiful  country- 
side adds  to  the  value  of  GNP  .  .  .  and 
so  one  could  go  on." 

344.  In  the  same  way,  many  of  the 
machines  whose  possession  is  said  to 
increase  our  standard  of  living  are 
simply  necessary  to  replace  natural 
benefits  of  which  we  have  been  deprived 
by  demographic  and  economic  growth. 
We  have  pointed  out  how  true  this  is 
of  the  ubiquitous  motor-car.  Also,  many 
labour-saving  devices  are  now  necessary 
because  with  the  disintegration  of  the 
extended  family  there  is  no  one  about 
to  do  the  household  chores.  The  fact 
that  both  husband  and  wife  must,  in 
many  cases,  go  out  to  work  to  earn  the 
money  to  buy  the  machines  required 
to  do  these  chores  can  serve  only  to 
render  such  devices  that  much  more 
necessary. 

345.  In  a  stable  society,  everything 
would  be  done  to  reduce  the  discrepancy 
between  economic  value  and  real  value, 
and  if  we  could  repair  some  of  the 
damage  we  have  done  to  our  physical 
and  social  environment,  and  live  a  more 
natural  life,  there  would  be  less  need  for 
the  consumer  products  that  we  spend  so 
much  money  on.  Instead  we  could 
spend  it  on  things  that  truly  enrich  and 
embellish  our  lives. 

346.  In  manufacturing  processes,  the 
accent  would  be  on  quality  rather  than 
quantity,  which  means  that  skill  and 
craftsmanship,  which  we  have  for  so 
long  systematically  discouraged,  would 
once  more  play  a  part  in  our  lives.  For 
example,  the  art  of  cooking  would  come 
back  into  its  own,  no  longer  regarded  as 
a  form  of  drudgery,  but  correctly  valued 
as  an  art  worthy  of  occupying  our  time, 
energy  and  imagination.  Food  would 
become  more  varied  and  interesting  and 
its  consumption  would  become  more  of 
a  ritual  and  less  a  utilitarian  function. 

The  arts  would  flourish:  literature, 
music,  painting,  sculpture  and  archi- 
tecture would  play  an  ever  greater 
part  in  our  lives,  while  achievements 
in  these  fields  would  earn  both  money 
and  prestige. 

347.  A  society  devoted  to  achievements 
of  this  sort  would  be  an  infinitely  more 
agreeable  place  than  is  our  present 
one,  geared  as  it  is  to  the  mass  produc- 

21 


352 


tion  of  shoddy  utilitarian  consumer 
goods  in  ever  greater  quantities.  Sur- 
prising as  it  may  seem  to  one  reared  on 
today's  economic  doctrines,  it  would 
also  be  the  one  most  likely  to  satisfy 
our  basic  biological  requirements  for 
food,  air  and  water,  and  even  more 
surprisingly,  provide  us  with  the  jobs 
that  in  our  unstable  industrial  society 
are  constantly  being  menaced. 

348.  Indeed,  as  we  have  seen,  the 
principal  limitation  to  the  availability 
of  jobs  today  is  the  inordinately  high 
capital  outlay  required  to  finance  each 
worker.  This  limitation  is  withdrawn 
as  soon  as  we  accept  that,  within  the 
framework  of  an  overall  reorganisation 
of  our  society,  it  would  be  possible  for 
capital  outlay  to  be  reduced  without 
reducing  our  real  standard  of  living. 

349.  One  of  the  Bishop  of  Kingston's 
ten  commandments'  is:  "You  shall 
not  take  the  name  of  the  Lord  thy  God 
in  vain  by  calling  on  his  name  but 
ignoring  his  natural  law."  In  other 
words,  there  must  be  a  fusion  between 
our  religion  and  the  rest  of  our  culture, 
since  there  is  no  valid  distinction 
between  the  laws  of  God  and  Nature, 
and  Man  must  live  by  them  no  less  than 
any  other  creature.  Such  a  belief  must 
be  central  to  the  philosophy  of  the 
stable  society,  and  must  permeate  all 
our  thinking.  Indeed  it  is  the  only  one 
which  is  properly  scientific,  and  science 
must  address  itself  much  more  vigor- 
ously to  the  problems  of  co-operating 
with  the  rest  of  Nature,  rather  than 
seeking  to  control  it. 

350.  This  does  not  mean  that  science 
must  in  any  way  be  discouraged.  On 
the  contrary,  within  a  stable  society, 
there  would  be  considerable  scope  for 
the  energies  and  talents  of  scientist  and 
technologist. 

Basic  scientific  research,  plus  a  good 
deal  of  multidisciplinary  synthesis,  would 
be  required  to  understand  the  complex 
mechanisms  of  our  ecosphere  with 
which  we  must  learn  to  co-operate. 

351.  There  would  be  a  great  demand  for 
scientists  and  technologists  capable  of 
devising  the  technological  infrastruc- 
ture of  a  decentralised  society.  Indeed, 
with  the  application  of  a  new  set  of 
criteria  for  judging  the  economic  viabil- 
ity of  technological  devices,  there  must 


open  a  whole  new  field  of  research  and 
development. 

352.  The  recycling  industry  which  must 
expand  very  considerably  would  offer 
innumerable  opportunities,  while  in  agri- 
culture there  would  be  an  even  greater 
demand  for  ecologists,  botanists,  ento- 
mologists, mycologists  etc.,  who  would 
be  called  upon  to  devise  ever  subtler 
methods  for  ensuring  the  fertility  of  the 
soil  and  for  controlling  "pest"  popula- 
tions. 

353.  Thus  in  many  ways,  the  stable 
society,  with  its  diversity  of  physical 
and  social  environments,  would  pro- 
vide considerable  scope  for  human 
skill  and  ingenuity. 

354.  Indeed,  if  we  are  capable  of  ensur- 
ing a  relatively  smooth  transition  to  it, 
we  can  be  optimistic  about  providing 
our  children  with  a  way  of  life  psycho- 
logically, intellectually  and  aesthetically 
more  satisfying  than  the  present  one. 
And  we  can  be  confident  that  it  will  be 
sustainable  as  ours  cannot  be,  so  that 
the  legacy  of  despair  we  are  about  to 
leave  them  may  at  the  last  minute  be 
changed  to  one  of  hope. 
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Forthcoming  issues 
of  The  Ecologist . . . 

will  discuss  in  detail— regional  environ- 
mental problems;  particular  aspects  oi 
ecological  and  social  disruption;  and 
the  full  implications  of  this  Blueprint, 
the  research  required  to  improve  it, 
and  the  tactics  required  to  further  its 
adoption. 
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The  Movement  for  Survival  (MS) 

1.  Aim 

We  need  a  Movement  for  Survival,  whose  aim  would  be  to  influence  governments, 
and  in  particular  that  of  Britain,  into  taking  those  measures  most  likely  to  lead  to 
the  stabilisation  and  hence  the  survival  of  our  society. 

2.  Structure 

We  envisage  it  as  a  coalition  of  organisations  concerned  with  environmental  issues, 
each  of  which  would  remain  autonomous  but  which  saw  the  best  way  of  achieving 
its  aims  was  within  the  general  framework  of  the  Blueprint  for  Survival. 

The  organisations  have  already  expressed  general  support  for  the  Blueprint: 

The  Conservation  Society 

Friends  of  the  Earth 

The  Henry  Doubleday  Research  Association 

The  Soil  Association 

Survival  International 

Two  representatives  of  each  member  organisation  would  join  the  Action  Com- 
mittee of  the  MS,  which  would  elect  a  chairman  and  secretary  to  run  the  day-to-day 
business  of  the  Movement. 

3.  Individual  membership 

Members  of  constituent  organisations  would  automatically  become  members  of  the 
MS.  Individuals  who  belonged  to  none  of  these  bodies  could  join  the  MS  only 
through  one  of  these  organisations. 

Regular  news  of  MS  activities  would  be  published  in  The  Ecologist,  a  subscription 
to  which  would  be  available  to  MS  members  at  the  reduced  price  of  £3  p. a.  (25  per 
cent  reduction).  Representatives  of  the  constituent  organisations  could  become 
members  of  The  Ecologisfs  editorial  board. 

4.  Further  information 

Organisations  wishing  to  join  the  MS  and  all  others  seeking  further  information 
should  write  to  the  Acting  Secretary,  The  Movement  for  Survival,  c/o  The  Ecologist, 
Kew  Green,  Richmond,  Surrey. 
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APPENDIX  A 

Ecosystems  and 
their  disruption 


[t  is  necessary  to  survey  the  essential 
features  of  the  environment  in  order  to 
understand  how  it  is  being  affected  by 
man's  activities. 

We  can  define  the  environment  as  a 
system  which  includes  all  living  things 
and  the  air,  water  and  soil  which  is 
their  habitat.  This  system  is  often 
referred  to  as  the  ecosphere.  To 
describe  it  as  a  system  is  to  accentuate 
its  unity;  a  system  being  something 
made  up  of  interrelated  parts  in 
dynamic  interaction  with  each  other, 
and  capable  for  certain  purposes,  of 
co-operating  in  a  common  behavioural 
programme. 

Such  a  programme  must  be  regarded 
as  goal-directed,  and  its  goal  the 
maintenance  of  stability.  This  appears 
to  be  the  basic  goal  of  all  the  self- 
regulating  behavioural  processes  that 
make  up  the  ecosphere. 

Stability  is  best  defined  as  a  system's 
ability  to  maintain  its  basic  features — 
in  other  words  to  survive  in  the  face  of 
environmental  change.  This  means  that, 
in  a  stable  system,  change  will  be 
minimised  and  will  occur  only  as  is 
necessary  to  ensure  adaptation  to  a 
changing  environment.  In  other  words, 
as  stability  increases  so  the  frequency 
of  random  changes  will  be  correspond- 
ingly reduced. 

It  is  easy  to  see  how  the  ecosphere 
during  the  last  few  thousand  million 
years  of  evolution  has  slowly  become 
more  stable. 

Whereas  the  deserts,  which  once 
covered  our  planet,  reflected  the  envir- 
onmental pressures  to  which  they 
were  subjected,  the  forests  that  devel- 
oped to  replace  them  have  a  capacity  to 
maintain  a  relatively  stable  situation  in 
the  face  of  internal  and  external 
change.  For  instance,  they  ensure  an 
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optimum  balance  between  the  oxygen 
and  carbon  dioxide  contents  of  the  air 
by  emitting  one  and  absorbing  the  other. 
They  provide  good  conditions  for  the 
run-off  to  rivers  to  be  regulated.  They 
periodically  shed  their  leaves  which 
build  up  humus,  and  hence  ensure  the 
continued  fertility  of  the  soil.  They 
provide  a  relatively  constant  ambient 
temperature  to  the  wild  animals  that 
live  within  their  shade,  who,  as  they 
evolve  also  develop  stabilising  mech- 
anisms ensuring  the  stability  of  what 
is  sometimes  called  their  "internal 
environment";  the  constant  body  tem- 
perature of  warm  blooded  mammals 
being  an  obvious  example. 

Perhaps  the  most  important  feature 
of  the  ecosphere  is  its  degree  of  organ- 
isation. It  is  made  up  of  countless 
ecosystems,  themselves  organised  into 
smaller  ones,  which  are  further  organ- 
ised into  still  smaller  ones.  Each  of 
these  is  made  up  of  populations  of 
different  species  in  close  interaction 
with  each  other,  some  of  which  are 
usually  organised  into  communities  and 
families — further  organised  into  cells, 
molecules  and  atoms  etc. 

The  opposite  of  organisation  is 
randomness  or,  what  is  often  referred 
to  as  entropy.  In  fact  it  can  be  said  that 
the  ecosphere  differs  from  the  surface  of 
the  moon  and  probably  from  that  of  all 
the  other  planets  in  our  solar  system,  in 
that  randomness,  or  entropy,  have  been 
progressively  reduced  and  organisation, 
or  negative  entropy,  have  been  corres- 
pondingly increased.  According  to  the 
second  law  of  thermodynamics,  there 
is  a  tendency  in  all  systems  towards 
increasing  randomness,  or  entropy.  This 
must  be  so,  since  to  move  in  this 
direction  is  to  take  the  line  of  least 
resistance  and  also  because  whenever 
energy  is  converted  (and  this  must  occur 
duringall  behavioural  processes),  waste, 
or  random  parts  must  be  generated — 
from  oxidation  and  friction  if  from 
nothing  else. 

The  ecosphere  has  succeeded  in 
counteracting  this  tendency  by  virtue  of 
several  unique  features  and  because  it 
is  an  open  system  from  the  point  of 
view  of  energy,  being  continually 
bombarded  with  solar  radiation. 

This  radiation  is  used  by  green  plants 
during  photosynthesis  to  organise  nut- 
rients in  the  soil  into  complex  plant 
tissue,  which  are  then  eaten  by  herbi- 
vores, and  hence  reorganised  into  still 
more  complex  animal  tissue. 

In  such  processes  waste  or  random 


parts  must  be  generated.  However,  so 
long  as  the  corresponding  reduction  in 
organisation  is  less  than  the  increase 
in  organisation  achieved  during  the 
process,  then  entropy  will  have  been 
reduced.  Such  increases  will  be  limited 
by  all  sorts  of  factors  including  the 
availability  of  energy  and  materials,  the 
environment's  capacity  to  absorb  waste 
and  the  organisational  capacity  of  the 
system.  Waste  must  therefore  be  kept 
down  to  a  minimum.  This  can  only 
be  done  by  recycling  it  so  as  to  ensure 
that  the  waste  generated  by  one  process 
serves  as  the  materials  for  the  next.  This 
is  essential  for  another  reason: 

Whereas  the  ecosphere  is  an  open 
system  as  regards  energy,  it  is  a  closed 
one  as  regards  materials,  which  is 
another  reason  why  all  materials  must 
be  recycled,  and  why  the  waste  products 
of  one  process  must  serve  as  materials 
for  the  next. 

Also  some  of  the  more  highly 
organised  materials  required  for  soph- 
isticated processes  have  taken  hundreds 
of  millions  of  years  to  develop  in  the 
case  of  fossil  fuels,  for  instance,  and 
thousands  of  millions  of  years  in  the 
case  of  the  herbivorous  animals  re- 
quired as  food  by  carnivores.  It  is  thus 
clear  that  to  avoid  increasing  entropy, 
they  cannot  be  used  up  faster  than  they 
are  produced.  Hence  the  essential  cyclic 
nature  of  all  ecological  processes  and 
the  absolute  necessity  for  recycling 
everything. 

It  is  possible  to  trace  just  how  all  the 
resources,  such  as  carbon,  nitrogen, 
phosphorus,  water,  etc.,  made  use  of 
in  behavioural  processes,  are  recycled. 
The  food  cycle  is  particularly  illustrative. 
Take  the  case  of  a  marine  ecosystem-: 
fish  excrete  organic  waste  which  is 
converted  by  bacteria  to  inorganic 
products.  These  provide  nutrients,  per- 
mitting the  growth  of  algae  which  are 
eaten  by  fish,  and  the  cycle  is  complete. 
In  this  way  the  wastes  are  eliminated, 
the  water  kept  pure,  and,  at  the  same 
time,  the  materials  for  the  next  stage 
of  the  process  are  made  available. 

One  of  the  most  important  features 
of  life  processes  is  that  they  are  auto- 
matic or  self-regulating.  Self  regulation 
can  only  be  ensured  in  one  way;  data 
must  be  detected  by  the  system,  trans- 
ducted  into  the  appropriate  informa- 
tional medium,  and  organised  so  as  to 
constitute  a  model  or  "template"  of  its 
relationship  with  its  enviroimient. 
Whenever  this  relationship  is  modified 
in  such  a  way  that  it  deviates  from  the 
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optimum,  the  model  is  correspondingly 
affected,  and  it  can  be  used  to  guide  the 
appropriate  course  of  action,  and  mon- 
itor each  new  move,  until  a  new  position 
of  equilibrium  has  been  reached.  This 
basic  cybernetic  model  explains  how  all 
systems,  regardless  of  their  level  of 
complexity,  adapt  to  their  respective 
environments.  The  fact  that  all  the 
parts  of  the  ecosphere  are  linked  to  each 
other  in  this  way  ensures  that  a  general 
readjustment  of  the  most  subtle  nature 
can  occur  to  restore  its  basic  structure 
after  any  disturbance. 

To  suppose  that  we  can  ensure  the 
functioning  of  the  ecosphere  ourselves 
with  the  sole  aid  of  technological 
devices  thereby  dlsp>ensing  with  the 
elaborate  set  of  self-regulating  mechan- 
isms that  has  taken  thousands  of 
millions  of  years  to  evolve,  is  an  absurd 
piece  of  anthropocentric  presumption 
that  belongs  to  the  realm  of  pure 
fantasy. 

It  may  be  possible  to  replace  certain 
natural  controls  locally  and  for  a 
short  while  without  any  serious  cata- 
clysm occurring,  but  if  we  push  things 
too  far,  if  for  instance  the  insecticides 
we  use  to  replace  the  self-regulating 
controls  that  normally  ensure  the 
stability  of  insect  populations  were  to 
destroy  nitrogen-fixing  bacteria  or  pol- 
linating insects,  all  the  money  and  all 
the  technology  in  the  world  would  not 
suffice  to  replace  them  and  thereby  to 
prevent  life  processes  from  grinding  to 
a  halt.  Yet  this  substitution  is  implicit 
in  the  aim  of  industrial  society. 

As  this  aim  is  progressively  realised, 
and  as  we  become  more  and  more 
dependent  on  technological  devices, 
i.e.  external  controls,  so  must  there  be  a 
corresponding  increase  in  the  instability 
of  our  social  system  and  hence  in  our 
vulnerability  to  change.  Imagine,  what 
it  will  be  like  when  water  supplies  have 
been  exhausted  and  we  are  dependent 
upon  desalination  plants  for  our  drink- 
ing water,  when  traditional  methods  of 
agriculture  have  totally  given  way  to 
ever  more  ingenious  forms  of  factory 
farming,  and  when  the  natural  mechan- 
isms providing  us  with  the  air  we 
breathe  have  been  so  completely  dis- 
rupted that  vast  installations  are  needed 
to  pump  oxygen  into  the  atmosphere 
and  filter  out  the  noxious  gasses 
emitted  by  our  industrial  installations. 

Clearly  under  such  conditions,  the 
slightest  technical  hitch  or  industrial 
dispute,  or  shortage  of  some  key 
resource,  might  be  sufficient  to  deprive 


us  of  such  basic  necessities  of  life  as 
water,  food  and  air — and  bring  life 
to  a  halt. 

If  man  wishes  to  survive,  to  ensure 
the  proper  functioning  of  the  self-regu- 
lating mechanisms  of  the  ecosphere  must 
be  his  most  basic  endeavour.  For  this 
to  be  possible  however  the  latter's 
essential  structure  must  be  respected. 
Deviations  may  be  possible  but  only 
within  acceptable  limits. 

One  way  of  exceeding  these  limits 
is  to  supply  the  system  with  more 
waste  than  can  be  used  to  provide  the 
materials  for  other  processes.  In  such 
conditions  the  system  is  said  to  be 
"overloaded";  the  self-regulating  mech- 
anisms can  no  longer  function  and 
the  waste  simply  accumulates.  In  other 
words  entropy,  or  randomness,  has 
increased  and  the  surface  of  the  earth 
resembles  that  much  more  that  of  the 
moon. 

Thus,  to  return  to  our  marine  eco- 
system, if  the  cycle  is  overloaded  with 
too  much  sewage,  detergents  or  arti- 
ficial fertilisers  which  are  nutrients  to 
aquatic  plant  life,  the  amount  of  oxygen 
required  to  ensure  the  decomposition 
of  these  substances  by  the  appropriate 
bacteria  may  be  so  high  that  other 
organisms  will  be  deprived  of  an  ade- 
quate supply. 

If  this  goes  on  long  enough  the 
oxygen  level  will  be  reduced  to  zero. 
Without  oxygen,  the  bacteria  will  die 
and  a  crucial  phase  in  the  cycle  will 
have  been  interrupted,  thereby  bringing 
it  rapidly  to  a  halt.  As  a  result,  what 
was  once  an  elaborate  ecosystem, 
supporting  countless  forms  of  life  in 
close  interaction  with  each  other  now 
becomes  a  random  arrangement  of 
waste  matter. 

Needless  to  say  the  cycle  will  also 
come  to  a  halt  if,  on  the  contrary,  there 
were  a  shortage  of  nutrients.  In  such 
conditions  the  algae  could  not  survive, 
and  the  fish  population  deprived  of  its 
sustenance,  would  rapidly  die  off. 

This  illustrates  an  essential  principle 
of  organisation;  there  must  be  an  opti- 
mum value  to  every  variable  in  terms  of 
which  the  system  is  described.  When 
each  variable  has  its  correct  value,  then 
the  system  described  can  be  regarded  as 
having  its  correct  structure.  This  means 
that  there  is  no  value  that  can  be 
increased  or  reduced  indefinitely  with- 
out bringing  about  the  system's  eventual 
breakdown. 

To  cherish  the  illusion  that  the  popu- 
tion   and   affluence   of  human   social 


systems  are  exceptions  to  this  law,  is,  as 
we  shall  see,  to  court  the  gravest  possible 
calamities. 

In  order  to  maintain  the  system's 
structure,  the  actions  of  the  self-regulat- 
ing sub-systems  not  only  seek  to 
establish  a  stable  relationship  with 
another  sub-system,  but  with  their 
environment  as  a  whole.  In  other  words, 
they  do  not  aim  at  satisfying  a  specific 
requirement,  but  at  achieving  a  com- 
promise between  a  whole  set  of  often 
competing  requirements;  that  which 
best  satisfies  the  requirements  of  the 
environment  as  a  whole. 

Technological  devices,  of  course,  do 
precisely  the  opposite.  They  are  geared 
to  the  achievement  of  specific  short- 
term  targets,  regardless  of  environ- 
mental consequences.  Since  many 
requirements  must  be  satisfied  to  main- 
tain stability,  such  devices  by  their 
very  nature  must  cause  environmental 
problems,  and,  as  a  result,  they  must 
inevitably  tend  towards  achieving  equi- 
librium positions  which  display  lower 
rather  than  higher  stability.  This  means 
that  the  probability  that  disequiiibria 
will  occur  and  their  degrees  of  serious- 
ness are  both  likely  to  increase  as  must 
the  rate  at  which  new  devices  will  be 
required  as  well  as  the  effectiveness 
required  of  them. 

In  other  words,  the  role  played  by 
technology  must  increase  by  positive 
feedback  and  our  society  must  become 
even  more  addicted  to  it. 

In  these  circumstances,  unless  techno- 
logical innovation  can  proceed  indefi- 
nitely at  an  exponential  rate,  then  it  is 
only  a  question  of  time  before  a  dis- 
equilibrium occurs  for  which  there  is 
no  technological  solution,  which  must 
spell  the  complete  breakdown  of  the 
system. 

Industrial  society,  when  it  reaches  a 
certain  stage  of  development,  begins  to 
affect  its  environment  in  yet  another 
manner;  it  devises,  and  becomes  corres- 
pondingly dependent  upon,  synthetic 
product*  of  different  sorts  to  replace 
ever-scarcer  natural  products.  Thus 
plastics  are  developed  to  replace  wood 
products;  detergents  to  replace  soaps 
made  from  natural  fats,  synthetic  fibres 
to  replace  natural  fibres;  chemical  fert- 
ilisers to  replace  organic  manure.  At 
the  same  time,  nuclear  energy  slowly 
replaces  that  previously  derived  from 
fossil  fuels. 

It  is  probable  that  our  ecosphere  does 
not  produce  a  single  molecule  for  which 
there   is   not   an   enzyme   capable   of 
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breaking  it  down,  in  order  to  perpetuate 
the  essential  cycle  of  life,  growth,  death 
and  decay.  This  is  not  so  with  synthetic 
products.  They  cannot  normally  be 
broken  down  in  this  way — save  in  some 
cases  by  human  manipulation,  which 
is  only  practicable  on  a  small  scale 
and  in  specific  conditions.  It  is  thus  no 
longer  a  question  of  overloading  a 
system.  Even  the  slightest  amount  of 
these  products,  when  introduced  into 
our  ecosphere,  constitutes  pollution, 
while  since  by  their  very  nature  they 
must  continue  accumulating,  to  produce 
them  methodically  is  to  ensure  the 
systematic  replacement  of  the  ecosphere 
with  extraneous  waste  matter. 

What  is  worse,  many  of  these  sub- 
stances find  their  way  into  life  processes 
with  which  they  can  seriously  interfere. 
Thus  strontium  90  gets  into  the  bones 
of  growing  children  and  can  give  rise 
to  bone  cancer;  Iodine  131  accumulates 
in  the  thyroid  gland  and  can  gjve  rise 
to  cancer  of  the  thyroid ;  DDT  accumu- 
lates in  the  fatty  matter  and  in  the  liver 
and  may  cause  cancer  and  other  liver 
diseases;  plastics  and  many  other 
pollutants  also  accumulate  in  the  liver 
and  kidneys,  etc. 

It  is  not  surprising  that  as  industrial- 
isation proceeds,  so  there  is  a  very  rapid 
increase  in  the  so-called  degenerative 
diseases.  Carcinogenic  agents  also  tend 
to  be  mutagens,  and  their  proUferation 
must  mean  a  gradual  reduction  in  the 
adaptiveness  of  our  species,  a  process 
that  clearly  cannot  go  on  indefinitely'. 

There  is  another  way  in  which  we  are 
degrading  the  ecosphere.  One  of  its 
most  important  features  is  its  com- 
plexity. The  greater  the  number  of 
different  plant  and  animal  species  that 
make  up  an  ecosystem,  the  more  likely 
it  is  to  be  stable.  This  is  so  because,  as 
Elton  points  out,  in  such  a  system  every 
ecological  niche  is  filled.  That  is  to  say, 
every  possibledifferentiated  function  for 
which  there  is  a  demand  within  the 
system  is  in  fact  fulfilled  by  a  species 
that  is  specialised  in  fuliilUng  it. 
In  this  way  it  is  extremely  difficult  for  an 
ecological  invasion  to  occur,  i.e.  for  a 
species  foreign  to  the  system  entering 
and  establishing  itself,  or,  worse  still, 
proliferating  and  destroying  the  system's 
basic  structure. 

It  also  means  that  no  species  forming 
part  of  the  system  is  likely  to  be  able 
to  expand  beyond  its  optimum  size. 
The  availability  and  size  of  an  eco- 
logical niche  undoubtedly  constitutes 
an  effective  population  control.  Thus 
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the  diet  of  a  specialised  member  of  a 
highly  differentiated  ecosystem  will 
itself  be  of  a  specialised  nature,  which 
means  that  if  the  population  of  a 
particular  species  were  to  increase, 
or,  alternatively,  to  decrease,  the  food 
supply  of  the  other  species  would  not 
be  affected.  The  opposite  would  be  the 
case  with  species  that  normally  form 
part  of  a  simple  ecosystem. 

Thus  goats  are  adapted  to  live  in 
mountain  areas,  where  ecological  com- 
plexity is  low,  and  in  order  to  survive 
they  have  to  be  able  to  eat  almost  any- 
thing. The  result  is  when  they  are 
brought  down  to  the  plains,  they  make 
short  shrift  of  its  vegetation,  and  their 
proUferation  compromises  the  food 
supply  of  many  other  species. 

As  industrial  man  destroys  the  last 
wildernesses,  as  herds  of  domesticated 
animals  replace  inter-related  animal 
species,  and  vast  expanses  of  crop 
monoculture  supplant  complex  plant 
ecosystems,  so  complexity  and  hence 
stability  are  correspondingly  reduced. 

Industrial  man  is  also  reducing  com- 
plexity in  other  ways.  For  instance, 
economic  pressures  force  farmers  to 
reduce  the  number  of  different  strains 
of  crops  under  cultivation.  Only  those 
that  present  short-term  economic  advan- 
tages tend  to  survive.  This  process  has 
been  accentuated  with  the  so-called 
"green  revolution".  Special  high  yield 
strains  of  rice  and  wheat  that  respond 
particularly  well  to  artificial  fertilisers 
have  been  developed  and  introduced 
on  a  large  scale  in  many  parts  of  the 
third  world.  In  these  areas  many  other 
strains  have  been  abandoned.  In  this 
way  we  are  reducing  complexity,  in  some 
cases  irreversibly,  and  if  anything 
should  happen  to  the  surviving  strains, 
essential  crops  like  wheat  and  rice 
could  well  be  jeopardised. 

We  are  reducing  complexity  in  still 
another  way.  The  greater  the  number 
of  trophic  levels  (in  other  words  the 
greater  the  length  of  food  chains),  the 
more  stable  is  an  ecosystem  likely  to  be. 
Thus  the  simplest  marine  ecosystem 
would  consist  of  phytoplankton,  cap- 
able of  harnessing  the  sun's  energy  and 
micro-organisms  capable  of  decompos- 
ing them.  By  introducing  zooplankton 
into  the  system,  another  link  has  been 
introduced  into  the  food  chain.  These, 
by  preying  on  the  phytoplankton,  keep 
down  their  numbers  and  weed  out  the 
weak  and  unadaptive.  In  this  way,  they 
exert  both  quantitative  and  qualitative 
controls,  and  exert  an  important  stabi- 


lising influence.  If  fish  are  then  intro- 
duced to  feed  on  the  zooplankton,  the 
system  becomes  correspondingly  more 
stable. 

Needless  to  say,  man's  activities  are 
everywhere  leading  to  a  reduction  in  the 
length  of  food  chains.  The  larger  ter- 
restrial predators  have  been  virtually 
eliminated  in  industrial  countries,  and 
this  process  is  now  taking  place  in  the 
seas.  Man,  by  refusing  to  tolerate 
competitors  for  his  food  supply,  is 
ultimately  jeopardising  the  stability 
of  this  food  supply,  and  hence,  its  very 
availability. 

Also,  as  SCEP  points  out,  environ- 
mental stress  appears  to  affect  predators 
more  radically  than  herbivores.  In 
aquatic  systems  the  top-level  predators, 
which  eat  other  predators,  are  the  most 
sensitive  of  all.  This  appears  to  be  the 
case  with  such  disruptive  situations  as 
oxygen  deficiency,  thermal  stress,  and 
the  introduction  of  toxic  materials  such 
as  pesticides  and  fertilisers. 

The  effect  must  be  to  reduce  the 
number  of  trophic  levels  in  any  eco- 
system thereby  increasing  its  instability. 
SCEP  cites  several  examples: 

"Overenrichment  by  sewage  waste 
and  fertiliser  runoff  of  freshwaters,  or 
pollution  with  industrial  wastes,  leads 
to  the  rapid  loss  of  trout,  salmon,  pike, 
and  bass.  Spraying  crops  for  insect 
pests  has  inadvertently  killed  off  many 
predaceous  mites,  resulting  in  out- 
breaks of  herbivorous  mites  that  obvi- 
ously suffered  less.  Forest  spraying  has 
similarly  'released'  populations  of  scale 
insects  after  heavy  damage  to  their 
wasp  enemies." 

In  addition,  SCEP  points  out  that 
"such  fat-soluble  pesticides  as  DDT  are 
concentrated  as  they  pass  from  one 
feeding  level  to  the  next.  In  the  course 
of  digestion  a  predator  retains  rather 
than  eliminates  the  DDT  content  of  its 
prey.  The  more  it  eats,  the  more  DDT 
it  accumulates.  The  process  results  in 
especially  high  concentrations  of  toxins 
in  predaceous  terrestrial  vertebrates." 

Predators  also  suffer  from  the  des- 
truction of  their  food  supply.  Severe 
damage  to  the  lower  levels  in  the  food 
chain  usually  leads  to  the  extinction  of 
the  predator  before  that  of  the  species 
on  which  it  preys. 

There  is  yet  another  way  in  which  we 
are  reducing  complexity.  Populations 
at  any  given  moment  will  be  made  up 
of  individuals  of  every  possible  age 
group.  We  tend  to  replace  such  balanced 
populations  with  plantations  of  trees 
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and  other  crops  which  are  all  of  the 
same  age  and  are  particularly  vulnerable 
to  diseases  affecting  them  at  particular 
stages  in  their  hfe  cycle.  This  principle 
must  apply  equally  well  to  intensive 
stock  rearing  units  and  especially  fac- 
tory farms.  Once  more  the  result  is  to 
reduce  stability. 

Technological  devices  must  also  re- 
duce complexity.  They  constitute  exter- 
nal controls  exerted  by  precarious 
human  manipulation.  They  invariably 
replace  natural  controls  of  a  far  more 
complex  nature. 

Thus,  to  replace  the  natural  controls 
which  ensure  the  stability  of  an  insect 
population  by  a  single  chemical  pesti- 
cide involves  a  drastic  reduction  in 
complexity.  The  same  must  be  true 
when  we  replace  the  natural  mech- 
aiisms  ensuring  soil  fertility  with 
nitrogen,  phosphorus  and  potassium 
which  are  the  main  ingredients  of 
artificial  fertilisers. 

In  fact,  most  human  activities  are 
reducing  the  stability  of  the  ecosphere, 
which  is  simply  another  way  of  saying 
that  they  are  determining  its  systematic 
degradation. 

For  several  thousand  million  years, 
the  ecosphere  has  been  developing  into 
an  extremely  complex  organisation  of 
different  forms  of  life  in  close  interac- 
tion with  each  other.  In  doing  this  it 
has  been  counteracting  the  basic  ten- 
dency of  all  systems  towards  ran- 
domness or  entropy.  The  elaborate 
mechanisms  that  have  enabled  the  eco- 
sphere to  develop  in  this  manner  have 
been  disrupted  by  man's  activities.  In 
his  gross  presumption,  he  has  sought 
to  replace  them  with  devices  causing 
dereliction  and  confusion,  which  rather 
than  seek  to  satisfy  the  countless 
competing  requirements  of  the  eco- 
sphere, have  been  geared  to  the  satisfac- 
tion of  petty,  short-term  anthropocentric 
ends.  As  a  result,  the  organisational 
process  has  been  reversed;  waste,  or 
random  parts,  are  accumulating  faster 
than  organisation  is  building  up.  Rather 
than  counteract  the  inexorable  trend 
towards  entropy,  industrial  man's 
activities  are  accelerating  it. 

If  these  activities  continue  to  increase 
exponentially  at  6.5  per  cent  per 
annum,  or  double  every  13j  years,  it 
cannot  take  many  decades  before  our 
planet  becomes  incapable  of  supporting 
complex  forms  of  life. 

Pollution 

Studies   of   the   effects   of  pollutants 


on  ecosystems  have  often  yielded 
contradictory  results.  Rather  than 
attempt  to  weigh  these  up,  we  have 
chosen  to  summarise  some  of  the 
findings  of  what  is  almost  certainly  the 
most  authoritative  study,  that  under- 
taken in  1969  by  an  impressive  group 
of  scientists  from  many  different  dis- 
ciplines under  the  auspices  of  MIT  and 
referred  to  as  "The  Study  of  Critical 
Environmental  Problems"  or  SCEP. 
This  study  is  to  be  used  as  background 
material  for  the  UN  Conference  on  the 
Human  Environment  1972. 

SCEP  accentuates  the  necessity  for 
adopting  a  holistic  approach.  "The 
significant  aspect  of  human  action  is 
man's  total  impact  on  ecological  sys- 
tems, not  the  particular  contributions 
that  arise  from  specific  pollutants. 
Interaction  among  pollutants  is  more 
often  present  than  absent.  Furthermore, 
the  total  effect  of  a  large  number  of 
minor  pollutants  may  be  as  great  as  that 
of  one  major  pollutant.  Thus,  the  total 
pollution  burden  may  be  Impossible  to 
estimate  except  by  direct  observation  of 
its  overall  effect  on  ecosystems." 

The  scale  of  human  activity  can  be 
estimated  by  comparing  specific  man- 
induced  processes  with  the  natural  rates 
of  geological  and  ecological  processes. 
It  can  be  shown  that  in  at  least  12  cases 
man-induced  rates  art  as  large  or  larger 
than  the  natural  rates  (see  Table  5). 

It  is  pointed  out  that  with  a  five  per 
cent  natural  growth  increment  in  the 
mining  industries,  this  will  apply  to 
many  more  materials. 

". .  .  these  comparisons  show  that  at 
least  some  of  our  actions  are  large 
enough  to  alter  the  distribution  of 
materials  in  the  biosphere.  Whether 
these  changes  are  problems  depends 
upon  the  toxicity  of  the  material,  its 
distribution  in  space  and  time,  and  its 
persistence  in  ecological  terms." 

Most  of  the  disruptive  processes 
already  described  are  well  advanced, 
however,  and  as  they  occur  slowly  the 
most  visible  effect  is  a  gradual  deterio- 
ration of  ecosystems,  "characterised  by 
instability  and  species  loss". 

Many  lakes  and  urban  centres  have 
severely  deteriorated  ecosystems.  Less 
severe  deteriorations  occur  more  com- 
monly, often  as  temporary  afflictions  in 
ecosystems  that  otherwise  manage  to 
survive  intact:  .  .  .  This  general  problem 
is  labelled  "attrition"  because  it  lacks 
discrete  steps  of  change.  Stability  is  lost 
more  and  more  frequently,  noxious 
organisms  become  more  common,  and 


the  aesthetic  aspects  of  waters  and 
countryside  become  less  pleasing.  This 
process  has  already  occurred  many  times 
in  local  areas.  Ifit  were  to  happen  gradu- 
ally on  a  global  scale,  it  might  be  much 
less  noticeable,  since  there  would  be  no 
surrounding  ecosystems  against  which 
to  measure  such  slow  changes.  Each 
succeeding  generation  would  accept  the 
status  quo  as  "natural". 

Ejiergy  products 

Present  and  future  levels  of  energy 
consumption  are  particularly  relevant  to 
estimating  our  capacity  to  disrupt 
ecosystems.  The  best  available  calcula- 
tion appears  to  be  that  made  by  the 
Battelle  Memorial  Institute  in  1969.  In 
1968  energy  consumption  in  the  US 
was  slightly  over  60,000  trillion  BTU.  It 
appears  to  be  rising  at  3.2  per  cent  per 
annum  and  is  expected  to  be  170,000 
trillion  BTUs  by  the  year  2000. 

Over  the  last  50  years  there  has  been 
a  decreasing  amount  of  energy  used  for 
each  unit  of  GNP.  The  increased 
technical  efficiency  of  energy  used  has 
tended  to  more  than  offset  the  more 
intense  use  of  energy.  The  trend, 
however,  appears  to  be  changing.  The 
present  policy  is  to  encourage  energy 
use  while  the  technical  efficiency  of  new 
electric  power  plants  and  other  energy 
conversion  devices  is  no  longer  increas- 
ing and  may  even  decrease  over  the 
next  decades.  If  this  is  so,  then  it  is 
possible  that  this  and  other  projections 
have  underrated  future  energy  require- 
ments. On  the  other  hand  conserva- 
tion pressures  might  lead  to  a  reduced 
usage  and  this  has  not  been  taken  into 
account. 

World  wide  energy  consumption  pro- 
jection made  by  Joel  Darmstadter  of 
Resources  for  the  Future  has  appeared 
in  a  work  Energy  and  the  World 
Economy  (see  Table  I ). 

What  are  likely  to  be  the  emissions 
from  power  production  and  other  forms 
of  energy  production  ? 

It  is  estimated  that  in  1967  some  13.4 
billion  metric  tons  of  CO,  were 
released  from  fossil  fuel  combustion 
and  that  emissions  in  1980  (using 
Darmstadter's  projection)  would  be  26 
bilUon  metric  tons  for  the  world  as  a 
whole. 

SCEP  points  out  that  the  trend  towards 
depleting  the  remaining  stands  of 
original  forests,  such  as  those  in  tropical 
Brazil,  Indonesia  and  the  Congo,  will 
further  reduce  the  capacity  of  the 
ecosphere    to    absorb   Co,   and   may 
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release  even  more  Coj  to  the  atmos- 
phere. The  Co,  content  of  the  atmos- 
phere is  increasing  at  a  rate  of  0.2  per 
cent  per  year  since  1958.  One  can 
project,  on  the  basis  of  these  trends, 
an  18  per  cent  increase  by  the  year 
2000,  i.e.  from  320  ppmm  to  379 
ppmm.  SCEP  considers  that  this  might 
increase  temperature  of  the  earth  by 
0.5°C.  A  doubling  of  Co,  might 
increase  mean  annual  surface  tempera- 
tures by  2°C  {see  Table  3). 

Heat 

Thermal  waste  energy  is  increasing 
at  a  rate  of  5.7  per  cent  per  annum, 
which  means  that  it  is  likely  to  increase 
by  a  factor  of  6  before  the  end  of  the 
century.  The  total  for  1970  was  5.5  10' 
MW  which  is  likely  to  increase  to 
9.6  by  1980  and  31.8  10«  MW  by  2000. 
The  effects  on  global  climate  are  not 
known. 

Emissions  of  pollutants  such  as 
sulphur  oxides,  nitrogen  oxides,  hydro- 
carbons, carbon  monoxide  and  parti- 
culate matter,  cannot  be  predicted  with 
any  assurance.  The  theoretical  know- 
ledge necessary  to  make  these  predic- 
tions does  not  yet  exist  nor  are  the 
relevant  facts  available. 

As  far  as  emissions  of  radionuclides 
are  concerned  the  major  source  will  be 
at  the  site  of  fuel  reprocessing  plants. 
One  estimate  is  that  99.9  per  cent 
of  all  such  emissions  entering  the 
environment  are  from  such  sources. 
Concern  is  expressed  for  emissions  of 
"potentially  hazardous"  radionuclides 
such  as  iodine  131,  xenon  153,  strontium 
90,  and  caesium  1 37.  Possible  releases  of 


tritium  (hydrogen  3)  and  krypton  85  are 
also  of  concern. 

Total  emissions  would  not  lead  to 
anything  like  maximum  permissible 
concentrations  (MPC)  if  dispersal  was 
assured.  However,  one  must  take  into 
account  the  tendency  of  radionuclides 
to  concentrate  in  certain  organisms  and 
to  get  into  food  chains.  Concentration 
factors  of  1,000  for  caesium  in  the 
flesh  of  bass  have  been  found,  of  8,700 
in  the  bones  of  the  blue  gills,  of  350.000 
for  radioactivity  content  in  caddis  fly 
larvae,  40,000  for  duck  egg  yolks  and 
75,000  for  adult  swallows.  Table  7  shows 
estimated  concentration  factors  for  some 
radionuclides  in  aquatic  organisms. 

Phytoplankton  also  tend  to  concen- 
trate activation  products  such  as  zinc 
65,  cobalt  67,  iron  55  and  manganese  54 
to  an  even  greater  extent  than  fission 
products. 

When  breeder  reactors  are  introduced 
Plutonium  emissions  will  also  become 
a  concern. 

The  management  of  concentrated  and 
highly  radioactive  wastes  is  a  serious 
problem  deserving  far  more  study. 
Table  2  provides  an  estimate  of  accumu- 
lated wastes  for  1970,  1980  and  2000. 

Domestic  and  agricultural  wastes 

Dredged  wastes  from  urban  areas 
contain  sediment,  sewage  solids,  agri- 
cultural and  industrial  wastes.  These 
also  tend  to  be  deposited  in  rivers  or 
coastal  waters.  The  total  amount  depo- 
sited in  this  way  is  estimated  at  between 
150  and  220  million  metric  tons  per 
years,  and  appears  to  be  increasing  at 
4  per  cent  per  annum. 


World  production  and  consumption 
of  chemical  fertilisers  (except  during 
periods  1914-18  and  1940-45)  have 
doubled  or  tripled  in  each  decade. 
Total  world  use  in  1963-64  exceeded 
33  million  metric  tons,  only  lOpercentof 
which  were  used  in  developing  countries. 
Their  share,  however,  is  increasing 
rapidly. 

Present  annual  world  production  of 
pesticides  is  probably  about  1  million 
metric  tons.  It  is  likely  to  go  on  increas- 
ing in  view  of  the  increasing  world  food 
shortage  and  because  of  diminishing 
returns  on  their  use.  Thus  to  double 
world  food  production  which  as  we 
have  seen  is  likely  to  be  necessary,  it  will 
be  necessary  to  increase  consumption 
by  no  less  than  six  times  (see  Table  12). 

In  the  industrialised  countries  there 
is  likely  to  be  a  move  away  from  DDT 
to  less  persistent  but  more  toxic 
pesticides  such  as  phorate,  dimiton, 
parathion,  etc.  These  require  more 
frequent  sprayings  to  make  up  for  their 
reduced  persistence.  It  is  unlikely 
that  the  developing  countries  will  be 
able  to  afford  them,  so  consumption 
of  DDT  is  likely  to  continue  growing. 

SCEP  points  out  the  way  in  which 
agriculture  becomes  increasingly  depen- 
dent on  the  use  of  these  poisons:  "Real- 
isation that  the  use  of  pesticides 
increases  the  need  to  continue  their  use 
is  not  new,  nor  is  the  awareness  that 
the  constant  use  of  pesticides  creates 
new  pests.  For  many  of  our  crops  on 
which  pesticide  use  is  heavy,  the  number 
of  pests  requiring  control  increases 
through  time.  In  a  very  real  sense,  new 
herbivorous  insects  find  shelter  among 
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Darmstadter's  Projection  of  World  Energy  Consumption  in  1980 
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2.7 

9.4 

92 

24.9 

2  1 

10.3 

0  46 

24  1 

063 

33.5 

15  1 

16.8 

Cotnmutust  Eaatero  Europe 

4.6 

3.6 

12  5 

15 

3.9 

07 

35 

002 

1.2 

004 

2.1 

5.9 

6.6 

USSR 

65 

5.7 

19.7 

52 

14.0 

5.9 

29.8 

029 

15.3 

0-O4 

2.1 

17.1 

19.1 

Japaa 

7.9 

05 

19 

35 

9-5 

0.1 

04 

0.11 

5.7 

0.11 

56 

4  3 

49 

Oceania 

4g 

04 

13 

0.4 

1.2 

0.1 

07 

0.04 

2.1 

001 

0  3 

1.0 

1.1 

Tout 

4.7 

18.2 

63.0 

30  4 

820 

18.2 

91  4 

1  48 

78.1 

1.86 

98.4 

70.2 

78.3 

Developing  Count/ics 

Commuaist  Asia 

76 

7.3 

25.4 

07 

20 



—  § 

0.04 

2.2 

0.01 

04 

8.1 

91 

Other  Asia  (exc.  Japan) 

85 

2  3 

3  1 

24 

6.5 

04 

2.2 

0.14 

7.3 

0.02 

1.0 

52 

5.8 

Africa 

6,5 

0.9 

0.6 

07 

1.9 

0.2 

09 

006 

3.0 





1.8 

2.0 

Other  America 

7.4 

0.2 

7.9 

2.8 

76 

11 

55 

0.18 

9.4 

000 

0.2 

4  3 

4.8 

Total 

77 

10.7 

37.0 

6.6 

18.0 

1.7 

86 

0.42 

21.9 

003 

1.6 

19.4 

21.7 

World  Total 

5.2 

28  9 

100.0 

37.0 

1000 

19.9 

100  0 

1  90 

100.0 

1.89 

100.0 

89.6 

lOO.O 

Source;  Esiimaled  by  Joel  Darmsiadier  in  Energy  and  the  World  Economy  do  be  published  by  The  Johns  Hopkins  Press  for  Resources  for  the  Future,  Inc.). 

•  Coluaui  A  contains  ihe  projecicd  average  annual  pcrceniagc  of  growih  to  energy  consumption  for  1965-1980. 

t  Darmsiadier.  follows  ihe  UN  system  of  evaluating  hydro  and  nuclear  eleciricity   This  means  thai  he  used  for  bolh  nuclear  and  hydropower  the  system  used  by  the  Group  an^y   for 

hydropower   Darmstadier's  actual  hgurcs  were  in  metric  ions  of  coal  equivalent  and  *crc  convened  lo  kWh  (both  thermal  and  electrical  in  this  case)  at  the  UN  rate  of  1,000 

IcWh  per  0  1 25  ra  t  c.e.  (for  the  factor  see  UN  World  Energy  Suppliei  or  the  Appendix  of  aoy  recent  UN  Staliitical  Yearbook). 
I  Converted  from  metric  tons  coal  equivalent  by  usina  27,3  a   I0»  Biu/m.t.c.e.  and  0  293   x   I0-*  kWb(l)/Blu. 
9  Unkaowo,  but  believed  to  be  small. 
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our  crops  where  their  predator  enemies 
cannot  survive.  Fifty  years  ago  most 
insect  pests  were  exotic  species,  acci- 
dently  imported  to  a  country  lacking 
their  natural  enemies.  More  recently 
many  of  the  pests,  including  especially 
the  mites,  leaf-rolling  insects,  and  a 
variety  of  aphids  and  scale  insects,  have 
been  indigenous.  Thus  pesticides  not 
only  create  the  demand  for  future  use 
(addiction),  they  also  create  the  demand 
to  use  more  pesticide  more  often 
(habituation).  Our  agricultural  system 
is  already  heavily  locked  in«o  this 
process,  and  it  is  now  spreading  to  the 
developing  countries.  It  is  also  spreading 
into  forest  management.  Pesticides  are 
becoming  increasingly  'necessary'  in 
more  and  more  places.  Before  the 
entire  biosphere  is  'hooked'  on  pesti- 
cides, an  alternative  means  of  coping 
with  pests  should  be  developed." 

Of  all  pesticides,  DDT  is  the  most 
commonly  used,  and  is  now  present  in 
the  fatty  tissue  of  animals  in  every  part 
of  the  world.  Its  effects  are  well  docu- 
mented. SCEP  summarises  some  of  the 
implications: 

"The  oceans  are  an  ultimate  accumu- 
lation site  of  DDT  and  its  residues. 
As  much  as  25  per  cent  of  the  DDT 
compounds  produced  to  date  may  have 
been  transferred  to  the  sea.  The  amount 
in  the  marine  biota  is  estimated  to  be 
in  the  order  of  less  than  0.1  per  cent  of 
total  production  and  has  already  pro- 
duced a  demonstrable  impact  upon  the 
marine  environment. 

"Population  of  fish-eating  birds  have 
experienced  reproductive  failures  and 
population  declines,  and  with  contin- 
ued accumulation  of  DDT  and  its 
residues  in  the  marine  ecosystem  addi- 
tional species  will  be  threatened.  The 
decline  in  productivity  of  marine  food 
fish  and  the  accumulation  of  levels  of 
DDT  in  their  tissues  can  only  be 
accelerated  by  DDT's  continued  release 
to  the  environment. 

"Certain  risks  in  the  utilisation  of 
DDT  are  especially  difficult  to  quantify, 
but  they  require  most  serious  considera- 
tion. The  rate  at  which  it  degrades  to 
harmless  products  in  the  marine  system 
is  unknown.  For  some  of  its  degradation 
products,  half-lives  are  certainly  of  the 
order  of  years,  perhaps  even  of  decades. 
If  most  of  the  remaining  DDT  residues 
are  presently  in  reservoirs  which  will  in 
time  transfer  their  contents  to  the  sea, 
we  may  expect,  quite  independent  of 
future  manufacturing  practices,  an  in- 
creased  level   of  these   substances   in 


marine  organisms.  And  if,  in  fact,  these 
compounds  degrade  with  half-lives  of 
decades,  there  may  be  no  opportunity 
to  redress  the  consequences.  The  more 
the  problems  are  studied,  the  more 
unexpected  effects  are  identified.  In  view 
of  the  findings  of  the  past  decade,  our 
prediction  of  the  hazards  may  be 
vastly  underestimated." 

Heavy  Metals 

Pollution  by  heavy  metals  also  gives 
cause  for  concern.  "Some  heavy  metals 
are  highly  toxic  to  plants  and  animals 
including  man.  They  are  highly  persis- 
tent and  retain  their  toxicity  for  very  long 


periods  of  time.  Some  have  been  used 
extensively  as  pesticides  and  have  been 
dispersed  into  the  environment  as 
pesticides,  as  uncontrolled  industrial 
wastes  and  emissions  and  other  means." 
Much  enters  natural  water  systems 
through  sewage  discharges  and  only  a 
portion  is  removed  by  normal  sewage 
treatment. 

Those  heavy  metals  that  are  most 
toxic,  persistent  and  abundant  in  the 
environment  have  been  selected  by 
SCEP  for  special  review.  These  include 
mercury  (Hg),  lead  (Pb),  arsenic  (As), 
cadmium  (Cd),  chromium  (Cr),  and 
nickel   (Ni).    Most   heavy   metals   are 


Tabl   2 

Radioactive  Wastes  as  a  Function  of  Expanding  US  Nuclear  Power 


Calendar  Year 

1970 

1980 

2000 

Installed  nuclear  capacity,  MW(e) 

11.000 

95.000 

734.000 

Volume  high-level  liquid  waste"'' 

Annual  production,  gal/yr 

23,000 

510.000 

3,400,000 

Accumulated  volume,  gal' 

45.000 

2,400,000 

39,000.000 

Accumulated  fission  products. 

megacuries'' 

Sr'» 

15 

750 

10.800 

Kr" 

1.2 

90 

1,160 

H» 

0.04 

3 

36 

Total  for  all  tission  products 

1,200 

44.000 

860,000 

Accumulated  fission  products,  tons 

16 

388 

5,350 

Source:  Snow,  1967  (reproduced  from  SCEP). 

'  Based  on  100  gallons  of  high-level  acid  waste  per  10,000  thermal  megawatt  days  (MWd) 

irradiation. 
^  Assumes  3-yr  lag  between  dates  of  power  generation  and  waste  production. 
•^  Assumes  wastes  all  accumulated  as  liquids. 

Table  3 

COj  ProdDced  by  Fossil  Fuel  Combostion,  1950-1967 

(Bilhons  of  metric  tons)  (reproduced  from  SCEP) 


Year 


Coal 


Lignite 


Refined 
Oil  Fuels 


Natural 
Gas 


Total 


1950 

3.7 

0.9 

1.4 

0.4 

6.4 

1951 

3.8 

0.9 

1.7 

0.5 

6.9 

1952 

3.8 

0.9 

1.8 

0.5 

7,0 

1953 

3.8 

0.9 

1.9 

0.5 

7.1 

1954 

3.8 

0.9 

2.0 

0.6 

7.3 

1955 

4.1 

1.0 

2.2 

0.6 

7.9 

1956 

4.4 

1.1 

2.4 

07 

8.6 

1957 

4.5 

1.3 

2.5 

0.7 

9.0 

1958 

4.6 

1.4 

2.6 

0.8 

9.4 

1959 

4.8 

1.4 

2.8 

0.9 

9.9 

1960 

5.0 

1.4 

3.1 

I.O 

10.5 

1961 

4.5 

1.5 

3.3 

1.0 

10.3 

1962 

4.6 

1.5 

3.5 

1.1 

10.7 

1963 

4.8 

1.6 

3,8 

1.2 

11.4 

1964 

5.0 

1.7 

4.2 

1.3 

12.2 

1965 

5.0 

1.7 

4.5 

1.5 

12.7 

1966 

5.1 

1.7 

4.8 

1.6 

13.2 

1967 

4.8 

1.7 

5.2 

1.7 

13.4 

1980  (est) 

11.1 

10.8 

4.0 

26.0 
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biologically  accumulated  in  the  bodies 
of  organisms,  remain  for  long  periods 
of  time,  and  function  as  cumulative 
poisons.  Table  4  indicates  world  pro- 
duction of  these  metals  between  the 
years  1963  and  1968  and  illustrates  the 
rate  at  which  it  is  Increasing. 

It  may  be  worth  looking  more  closely 
at  the  problem  of  mercury  pollution 
which  is  particularly  topical. 

SCEP  quotes  Stockinger:  "Elemental 
mercury  and  most  compounds  of 
mercury  are  protoplasmic  poisons  and 
therefore  may  be  lethal  to  all  forms  of 
living  matter.  In  general,  the  organic 
mercury  compounds  are  more  toxic  than 
mercury  vapour  or  the  inorganic  com- 
pounds. Even  small  amounts  of  mercury 


vapour  or  many  mercury  compounds 
can  produce  mercury  intoxication  when 
inhaled  by  man.  Acute  mercury  poison- 
ing, which  can  be  fatal  or  cause  per- 
manent damage  to  the  nervous  system, 
has  resulted  from  inhalation  of  1,200  to 
8,500  micrograms  per  cubic  meter  of 
mercury.  The  more  common  chronic 
poisoning  (mercurialism)  which  also 
affects  the  nervous  system  is  an  insidious 
form  in  which  the  patient  may  exhibit 
no  well-defined  symptoms  for  months  or 
sometimes  years  after  exposure". 

Mercury  is  also  dangerous  when 
ingested  in  food.  In  Japan  1 1 1  cases  of 
mercury  poisoning  occurred  (with  44 
deaths)  a  result  of  eating  fish  taken  from 
Minamata     Bay.     Another     outbreak 


Table  4 

World  ProdactioD'  and  US  CoDsiunption''  of  Toxic  Heavy  Metals 

(Thousands  of  metric  tons)  (reproduced  from  SCEP) 


Hg 

Cd 

Pb 

Or,0 

■ 

Ni 

Year 

World 

US 

World 

US 

World 

US 

World 

US 

World 

US 

I960 

1.77 

4.53 

930 

1,110 

98.2 

1961 

1.92 

4.65 

932 

1.090 

108 

1962 

2.26 

5.56 

1,010 

1,030 

108 

1963 

8.28 

2.70 

11.8 

5.19 

2,520 

1.060 

3.920 

1,080 

340 

114 

1964 

8.81 

2.81 

12.7 

4.31 

2.520 

1.090 

4,150 

1.320 

372 

134 

1965 

9.24 

2.54 

11.9 

4.75 

2,700 

1,130 

4,810 

1,440 

425 

156 

1966 

9.51 

2.46 

13.0 

6.60 

2,860 

1.200 

4,390 

1.330 

414 

171 

1967 

8.36 

2.40 

12.9 

5.28 

2,880 

1,150 

4,300 

1,230 

441 

158 

1968 

8.81 

2.60 

14.1 

6.05 

3,000 

1,200 

4.730 

1,200 

480 

144= 

*  Sources:  1963  data  are  from  the  Minerals  Yearbook,  1967;  1964-1968  data  are  from  theMinerals 

Yearbook.  1968. 
b  Source:  Chemical  Economics  Handbook.  1969. 
=  Source:  Minerals  Yearbook.  1968. 

Table  5 

Man-Induced  Rates  of  Mobilisation  of  Materials  Which  Exceed  Geological  Rates 
As  Estimated  in  Annual  Rirer  Discharge  to  the  Oceans 

(Thousands  of  metric  tons  per  year)  (reproduced  from  SCEP) 


Element 

Iron 
Nitrogen 

Manganese 

Copper 

Zinc 

Nickel 

Lead 

Phosphorus 

Molybdenum 
Silver 

Mercury 

Tin 

Antimony 


Sources: 

•  Bowen.  1966. 

*>  United  Nations,  Statistical  Yearbook.  1967.  Data  for  mining  except  where  noted. 
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Geological  Rates" 
(In  Rivers) 

Man-Induced  Rates" 
(Mining) 

25.000 

319,000 

8,500 

9,800 
(consumption) 

440 

1,600 

375 

4.460 

370 

3.930 

300 

358 

180 

2.330 

180 

6.500 
(consumption) 

13 

57 

5 

7 

3 

7 

1.5 

166 

1.3 

40 

occurred  at  Big  Niigata  City  with  26 
cases  (and  five  deaths). 

Mercury's  toxicity  is  permanent.  In 
addition  when  fish,  shellfish,  birds 
or  mammals  containing  mercury  are 
eaten  by  other  animals  the  mercury  may 
be  absorbed  and  accumulated. 

Industrial  wastes  and  agricultural 
pesticides  have  caused  severe  mercury 
contamination  in  waters  in  Japan, 
Sweden  and  the  US.  Its  use  is  increasing 
throughout  the  world  and  it  "threatens 
to  become  critical  in  the  world  environ- 
ment". Moreover,  as  SCEP  points  out 
mercury  is  but  one  of  approximately 
2  dozen  metals  that  are  highly  toxic 
to  plants  and  animals. 

Oil  pollutioD 

We  tend  to  regard  oil  pollution  of 
the  seas  as  caused  principally  by 
accidental  spills  like  that  of  the  Torrey 
Canyon.  Such  accidents  cause  the  most 
evident  damage,  "but  they  make  up  less 
than  10  per  cent  of  the  estimated  2.1 
million  metric  tons  of  oil  that  man 
introduces  directly  into  the  world's 
waters.  At  least  90  per  cent  originates  in 
the  normal  operations  of  tankers,  other 
ships,  refineries,  petro-chemical  plants, 
and  submarine  oil-wells;  from  disposal 
of  spent  lubricants  and  other  industrial 
and  auto-motive  oils;  and  by  fall-out  of 
airborne  hydrocarbons  emitted  by 
vehicles  and  industry  (see  Table  6). 

The  actual  amount  that  goes  directly 
into  the  seas  must  be  taken  as  propor- 
tionate to  production.  It  is  normally 
estimated  at  0.1  per  cent  of  production 
but  if  possible  fall-out  of  airborne 
hydrocarbons  on  the  sea  surface  is 
added  it  may  be  as  much  as  0.5  per 
cent. 

This  is  because  estimated  emissions 
of  hydrocarbons  of  petroleum  origin  to 
the  air  is  90  million  tons.  40  times  that 
emitted  to  the  seas.  Nobody  knows  how 
much  may  finally  settle  in  the  seas. 
SCEP  points  out  that  if  "10  per  cent 
does,  then  the  total  hydrocarbon  con- 
tamination of  the  oceans  could  be 
almost  five  times  the  direct  influx  from 
ships  and  land  sources." 

The  increase  in  the  size  of  tankers 
must  make  things  worse.  The  danger  of 
large-scale  accidents  wUl  increase  with 
the  scale  of  the  tankers.  800,000  ton 
tankers  are  projected.  "A  single  spill 
from  one  of  these  would  add  20  per 
cent  to  the  amount  of  oil  entering  oceans 
in  a  single  year"  (SCEP).  Cleaning  up 
oil  spills  does  more  harm  than  good 
"even  with  a  non-toxic  dispersant,  the 
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dispersed  oil  is  mush  more  toxic  to 
marine  life  than  is  an  oil  slick  on  the 
surface".  (SCEP). 

The  effect  of  spills  in  shallow  water 
is  particularly  damaging.  Thus  "an 
accidental  release  of  240  to  280  tons  of 
No.  2  fuel  oil  from  a  wrecked  barge  off 
West  Falmouth,  Massachusetts  in  1969 
caused  an  immediate  massive  kill  of 
organisms  of  all  kinds — lobsters,  fish, 
marine  worms  and  molluscs". 

The  difficulty  of  estimating  biological 
effects  in  coastal  waters  is  that  "many 
other  pollutants  are  also  present  in  this 
zone  and  it  is  hard  to  separate  their 
different  effects.  Indeed,  the  effects 
may  not  be  separable,  but  instead 
additive  or  mutually  reinforcing". 

One  possible  effect  of  oil  dispersed 
over  wide  ocean  areas  could  arise  from 
the  fact  that  "chlorinated  hydrocarbons 
such  as  DDT  and  Dieldrin  are  highly 
soluble  in  oil  film.  Measurements  .  .  . 
in  Biscayne  Bay,  Florida  showed  that 
the  concentration  of  a  single  chlorinated 
hydrocarbon  (dieldrin)  in  the  top  1 
millimetre  of  water  containing  the 
slick  was  more  than  10,000  times  higher 
than  in  the  underlying  water  .  .  .  We 


know  that  the  small  larval  stages  of 
fishes  and  both  the  plant  and  animal 
plankton  in  the  food  chain  tend  to 
spend  part  of  the  night  hours  quite  near 
the  surface,  and  it  is  highly  probable 
that  they  will  extract,  and  concentrate 
still  further,  the  chlorinated  hydrocar- 
bons present  in  the  surface  layer.  This 
could  have  seriously  detrimental  effects 
on  these  organisms  and  their  predators." 
Implicit  throughout  this  study  is  the 
knowledge  that  these  ecologically  dis- 
ruptive trends  cannot  be  allowed  to 
persist  indefinitely.  SCEP  concludes 
"In  general,  the  expected  losses  from 
present  impacts  do  not  exceed  our 
capacity  to  carry  the  burden;  this  leads 
us  to  the  conclusion  that  an  intractable 
crisis  does  not  now  seem  to  exist.  Our 
growth  rate,  however,  is  frightening. 
The  impact  of  two,  four,  or  eight  times 
the  present  ecological  demand  will 
certainly  incur  greater  losses  in  the 
envirormient.  If  the  process  of  change 
were  gradual,  the  present  ecological 
advantage  that  is  reflected  in  our  5  to  6 
per  cent  annual  growth  would  taper  off 
in  the  face  of  decreased  environmental 
services,  and  growth  would  be  corres- 


Table  6 

Estimates  of  Direct  Losses  into  the  World's  Waters,  1969 

(Metric  tons  per  year)  (reproduced  from  SCEP) 

Loss 


Perceolage 
of  Total  Loss 


Tankers  (normal  operations) 

Controlled 

30.000 

Uncontrolled 

500,000 

Other  ships  (bilges,  etc.) 

500.000 

Offshore  production  (normal  operations) 

100,000 

Accidental  spills 

Ships 

100,000 

Nonships 

100,000 

Refineries 

300,000 

In  rivers  carrying  industrial 
automobile  wastes 

450,000 

Total 


2,080,000 


1.4 
24.0 
24.0 

4.8 

4.8 
4.8 
14.4 

21.6 
100.0 


Table  7 

Estimated  Concentration  Factors  in  Aquatic  Organisms 


Radionuclide      Site 


Fila- 
Ph>'to-  mentous  Insect 

plankton  Algae  Larvae 


Fish 


I 


Na" 

Columbia  River 

500 

500 

100 

100 

Cu" 

Columbia  River 

2.000 

500 

500 

50 

Rare  earths 

Columbia  River 

1,000 

500 

200 

100 

Fe» 

Columbia  River 

200,000 

100.000 

100,000 

10,000 

P" 

Columbia  River 

200,000 

100,000 

100,000 

100,000 

P" 

White  Oak  l^ke 

150,000 

850,000 

100,000 

30-70,000 

Sr"-Y" 

White  Oak  Lake 

75,000 

500,000 

100,000 

20-30,000 

Source:  Eisenbud,  1963  (reproduced  from  SCEP). 


pondingly  slowed.  Instead,  the  risk  is 
very  great  that  we  shall  overshoot  in  our 
envirorunental  demands  (as  some  ecolo- 
gists  claim  we  have  already  done), 
leading  to  cumulative  collapse  of  our 
civilisation.  It  seems  obvious  that  before 
the  end  of  the  century  we  must  accom- 
plish basic  changes  in  our  relations  with 
ourselves  and  with  nature.  If  this  is  to 
be  done,  we  must  begin  now.  A  change 
system  with  a  time  lag  of  ten  years  can 
be  disastrously  ineffectual  in  a  growth 
system  that  doubles  in  less  than  fifteen 
years." 


APPENDIX  B 

Social  Systems  and  their 
Disruption 

The  activities  of  industrial  man  are 
having  a  very  serious  effect  on  society. 
They  can  be  shown  to  be  leading  to  its 
disintegration,  and  it  can  also  be  shown 
that  such  pathological  manifestations 
as  crime,  delinquency,  drug  addiction, 
alcoholism,  mental  diseases,  suicide,  all 
of  which  are  increasing  exponentially 
in  our  major  cities,  are  the  symptoms 
of  this  disintegration. 

Unfortunately,  before  we  can  under- 
stand why  and  how  this  is  happening, 
we  must  know  a  little  more  about 
human  society.  Sociology,  which  should 
provide  us  with  this  information,  is 
failing  to  do  so,  mainly  because  it  is 
studying  human  society  "in  vacuo",  i.e. 
without  reference  to  behaviour  at  other 
levels  of  organisation.  This  is  the  result 
of  regarding  man  and  the  societies  he 
develops  as  unique,  and  in  some  way 
exempt  from  the  laws  governing  all  the 
other  parts  of  the  ecosphere.  If  we  estab- 
lish this  false  dichotomy  between  man 
and  other  animals  it  is  partly  because 
we  fail  to  understand  the  nature  of  the 
evolutionary  process.  Thus,  owing  to 
our  tendency  towards  subjective  classi- 
fication, we  recognise  that  certain  events 
among  which  a  connection  can  be  made 
within  our  immediate  experience  can 
be  regarded  as  constituting  one  process, 
while,  on  the  other  hand,  we  refuse  to 
admit  that  this  can  be  the  case  with 
events  whose  connecting  bond  lies 
outside  our  experience.  Thus  we  are 
willing  to  admit  that  the  development 
of  a  foetus  into  an  adult  is  a  single 
process,  and  that  it  is  difficult  to 
examine,  separately  and  in  isolation, 
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any  of  its  particular  stages  apart  from 
the  process  as  a  whole.  On  the  other 
hand,  we  are  less  ready  to  regard  evo- 
lution In  this  way. 

We  still  imply  that  radical  frontiers 
exist  between  life  at  different  levels  of 
complexity,  in  spite  of  the  fact  that  they 
are  part  of  the  same  evolutionary  pro- 
cess. Yet,  it  can  be  demonstrated  that 
no  such  frontiers  obtain.  When  Kohler 
synthesised  urea,  the  barrier  between 
the  "organic"  and  the  "inorganic"  was 
suddenly  shattered,  as  was  that  between 
the  "animate"  and  "inanimate"  when 
the  virus  was  found  to  manifest  certain 
features  associated  with  life  on  being 
confronted  with  a  source  of  protein, 
and  at  other  periods  to  display  the 
normal  behaviour  pattern  of  a  crystal. 
Again,  it  has  been  demonstrated  repeat- 
edly that  no  barrier  exists  separating 
man  from  other  animals.  He  is  more 
"intelligent"  and  that  is  about  all  that 
can  be  said. 

If  human  societies  are  not  unique, 
their  functions  cannot  be  understood 
apart  from  that  of  other  natural  systems, 
such  as  ecosystems  and  biological 
organisms,  i.e.  in  the  light  of  a  general 
theory  of  behaviour. 

To  understand  this,  one  must  first 
realise  that  the  vast  and  chaotic  human 
societies  in  which  we  are  living  are  by 
no  means  normal.  If  man  has  been  on 
this  planet  for  a  million  and  a  half 
years,  which  is  possible,  it  is  only  in  the 
last  150  years  that  he  has  become  an 
industrialist,  and  that  industry  has 
permitted  the  development  of  such 
societies.  This  represents  no  more  than 
two  days  in  the  life  of  a  man  of  50. 

For  more  than  one  million  four 
hundred  and  ninety  thousand  years  he 
earned  his  Uving  as  a  hunter-gatherer. 
During  all  this  time,  there  is  no  reason 
to  suppose  that  the  societies  he  devel- 
oped were  in  any  way  less  adapted  to 
their  respective  environments  than  are 
those  of  non-himian  animals. 

From  our  knowledge  of  surviving 
hunter-gatherer  societies,  such  as  the 
Bushmen  of  the  Kalahari,  one  can 
presume  that  they  probably  consumed 
less  than  a  third  of  the  available  food 
resources.  They  did  not  clear  forests  for 
agricultural  land,  nor  did  they  hack 
down  trees  for  building  houses,  nor 
were  they  so  short-sighted  as  to  exter- 
minate the  wild  animals  on  which  they 
depended  for  their  Uvelihood. 

At  the  same  time  they  avoided 
increasing  their  population  over  and 
above  that  which  might  lead  them  to 
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have  to  alter  their  life-style  in  any  way. 

Even  if  one  considers  an  area  over- 
populated,  as  does  Professor  Ehrlich', 
"when  human  numbers  are  pressing 
against  himian  values",  and  not  just 
when  they  actually  starve,  then  such 
societies  were  never  overpopulated. 

What  is  more,  the  survival  of  such 
societies  was  compatible  with  that  of 
climax  ecosystems,  to  which  they 
contributed  by  fulfilling  within  them 
their  various  ecological  functions.  Take 
the  case  of  the  Plains  Indians  of  North 
America  who  lived  ofif  the  vast  herds 
of  bison.  They  did  not,  on  the  whole, 
attack  the  main  herd,  which  would  have 
been  a  dangerous  undertaking,  but 
rather  killed  off  the  stragglers;  the  old 
and  the  weak,  thereby  exerting  quanti- 
tative and  qualitative  controls  on  these 
animals. 

It  is  significant  that  exactly  the  same 
is  true  of  the  lions  Uving  off  the  buffalo 
herds  in  East  Africa. 

If  human  societies  for  99.75  per  cent 
of  their  tenancy  of  this  planet,  behaved 
as  an  integral  part  of  our  ecosphere 
(before  the  invention  of  agriculture 
10,000  years  ago  and  industry  150  years 
ago)  it  is  unreasonable  to  suppose  that 
such  behaviour  is  not  subject  to  its  laws. 

Nor  is  there  any  reason  why  sociology 
should  be  anything  but  a  branch  of  the 
natural  sciences,  that  which  deals  with  a 
particular  type  of  natural  system:  the 
human  society. 

Let  us  briefly  look  at  human  society 
in  this  light. 

First  of  all,  like  all  other  natural 
systems,  a  human  society  displays 
organisation.  This  is  probably  its  most 
important  feature.  If  one  gathers  on  an 
island  a  random  collection  of  people 
from  different  societies  speaking  differ- 
ent languages  it  would  be  naive  to 
suggest  that  these  constituted  a  society. 
Nevertheless  there  would  be  a  tendency 
for  organisation,  or  negative  entropy, 
to  build  up  (or  entropy  and  randomness 
to  be  reduced).  First  of  all  men  would 
pair  off  with  women  and  have  children. 
Famihes  would  be  formed  and  groups  of 
these  families  would  tend  to  be  asso- 
ciated and  grow  into  small  communi- 
ties. As  this  occurred  so  their  members 
would  develop  more  and  more  things 
in  common.  They  would  learn  to  speak 
the  same  language  and  dress,  eat  and 
build  their  houses  in  a  similar  way. 
Slowly  a  common  set  of  values  and 
aspirations  would  emerge,  and  these 
would  bind  them  together  in  a  common 


purpose  and  transform  them  into  a  true 
society. 

This  organisational  process  is  not  a 
linear  one.  Thus,  in  its  development 
from  the  simple  to  the  complex,  matter 
passes  through  certain  critical  stages, 
where  the  possibilities  of  a  particular 
type  or  organisation  are  exhausted  and 
further  advance  can  only  be  achieved 
by  the  development  of  a  new  type. 

Thus,  an  atom  can  be  developed  only 
up  to  a  certain  point.  This  point  will 
vary  with  different  types  of  atoms, 
some  of  which,  such  as  the  tungsten 
atom,  are  relatively  large. 

Beyond  this  critical  point,  however, 
development  can  occur  only  by  the 
association  of  several  atoms  together  to 
form  a  molecule.  As  soon  as  the  latter 
stage  is  reached,  the  constituent  atoms 
undergo  a  considerable  change,  in  that 
a  radical  division  of  labour  occurs,  in 
accordance  with  the  law  of  economy. 

To  explain  their  behaviour  now 
requires  the  introduction  of  several  new 
principles. 

There  is  no  reason  to  suppose  that 
this  notion  of  levels  of  organisation 
does  not  apply  equally  well  to  human 
social  systems.  Thus  the  family,  which 
clearly  represents  the  first  level  of  human 
organisation,  is  a  universal  feature  of  all 
human  societies,  and  there  is  no  example 
of  its  suppression  without  the  most 
serious  social  consequences.  The  family 
is  held  together  by  bonds  which  are 
extendable  in  the  sense  that  the  stimuli 
required  for  triggering  off  the  corres- 
ponding behavioural  responses  are  not 
specific  as  in  the  case  of  simpler  forms 
of  life. 

For  example,  not  only  a  mother,  but  a 
mother-like  figure,  can  trigger  off 
filial  responses,  or  vice  versa^.  It  is  this 
feature  of  the  family  bonds  which  per- 
mits the  development  of  larger  social 
units.  The  latter  can,  of  course,  be  of 
many  kinds.  They  can  be  bilateral 
extended  families,  or  unilateral,  or  the 
members  of  the  different  families  con- 
stituting these  units  need  not  be  related 
at  all,  as  mere  contiguity  is  sufficient  to 
allow  the  development  of  such  bonds'. 
Another  essential  characteristic  of  the 
family  bonds  is  that  they  cannot  be 
extended  indefinitely.  This  is  a  feature 
of  all  bonds,  whether  they  be  holding 
together  the  nucleus  of  an  atom  or  the 
solar  system.  A  point  must,  therefore, 
be  reached  where  the  bonds  cannot  be 
extended  any  further,  and  development 
only  becomes  possible  by  the  associa- 
tion of  a  number  of  such  units.  At  this 


363 


point  it  can  be  said  to  have  reached  a 
new  level  of  organisation. 

Once  we  pass  the  level  of  the  village, 
clan  or  lineage,  we  reach  a  level  of 
social  organisation  that  has  not  often 
been  achieved  by  the  human  species. 
To  harness  the  family  bonds  in  such  a 
way  as  to  build  up  a  larger  unit  requires 
the  development  of  very  elaborate  forms 
of  organisation.  This  involves  "criss- 
cross" bonds  that  permit  the  establish- 
ment of  a  veritable  cobweb  of  associa- 
tions of  one  sort  or  another,  all  of  which 
transcend  each  other  in  such  a  way  that 
each  individual  is  linked  to  each  other 
member  of  the  society  in  at  least  one, 
and  preferably  more  ways. 

Thus  a  tribesman  is  at  once  a  member 
of  a  family,  of  a  maternal  and  of  a 
paternal  kinship  group.  As  neither  of 
these  may  coincide  with  the  social  unit 
that  is  the  village  in  which  he  lives,  he 
is  a  member  of  yet  another  group:  the 
village.  He  is  also  likely  to  be  a  member 
of  an  age  grade,  of  a  secret  society  of 
some  sort,  possibly  also  of  a  miUtary 
club  and  of  some  other  group  with  a 
common  economic  activity.  Such  a  man 
has  a  very  definite  status  which  Linton* 
defines  as  "The  sum  total  of  all  the 
statuses  which  he  occupies  and  hence 
his  position  with  relation  to  the  total 
society". 

The  same  principle  is  apparent  in  the 
more  stable  segment  of  our  modem 
societies.  As  Linton  writes:  ". . .  the 
status  of  Mr  Jones  as  a  member  of  his 
community  derives  from  a  combination 
of  all  the  statuses  which  he  holds  as  a 
citizen,  as  an  attorney,  as  a  Mason, 
as  a  Methodist,  as  Mrs  Jones'  husband, 
and  so  on."  As  a  result  of  such  criss- 
cross associations,  a  man  is  in  contact 
with  a  very  large  number  of  cross- 
sections  of  the  society.  There  is  what 
Ortega  y  Gasset' calls  "social  elasticity". 

All  the  parts  of  the  society  are  in  con- 
tact with  each  other.  Any  change  in 
the  society  will,  therefore,  effect  each 
individual  and  the  actions  of  each  indi- 
vidual must  effect  the  society  as  a  whole 
through  the  agency  of  all  the  associa- 
tions of  which  he  is  a  member. 

Without  social  elasticity  there  would 
be  no  bonds,  no  organisation:  in  fact 
no  real  society.  Yet  social  elasticity  can 
only  be  maintained  in  special  conditions. 
Thus  it  is  likely  that  if  the  society 
grows  too  big,  the  bonds  holding  it 
together  become  of  an  ever  more 
precarious  nature  and  eventually  in- 
capable of  holding  it  together. 

The  social  system  is,  in  fact,   over- 


loaded, with  more  people  than  it  is 
capable  of  organising  into  a  society.  Its 
essential  structure  breaks  down,  and  it 
ceases  to  be  capable  of  self-regulation. 

As  already  mentioned,  it  is  a  basic 
feature  of  all  bonds  that  there  is  a 
limit  to  their  extendability.  Those 
holding  together  a  community  which  are 
already  extensions  of  the  family  ones, 
cannot  be  extended  to  hold  together 
more  than  a  certain  number  of  people. 
Aristotle  considered  that  a  city  could 
be  made  up  of  no  more  citizens  than 
could  not  know  each  other  by  sight 
The  Greek  city  states  which  displayed 
some  of  the  features  of  self-regulating 
units,  were,  in  fact,  very  small.  Only 
three  had  more  than  20,000  citizens 
(Athens,  Corinth  and  Syracuse).  It  is 
significant  that  a  recent  study  in 
America  has  revealed  that  the  crime  rate 
appears  to  be  proportionate  to  the  size 
of  the  city.  Violent  crime  appears  to  be 
about  six  times  greater  per  capita  in 
cities  of  1  million  people  than  in  cities 
of  10,000. 

Social  elasticity  is  also  seriously 
affected  by  mobility.  It  is  impossible 
to  create  sound  societies  when  people 
are  being  constantly  moved  from  place 
to  place.  In  such  conditions,  the  towns 
are  not  made  up  of  people  who  have 
grown  up  together  and  among  whom 
bonds  have  had  time  to  develop,  but 
simply  of  people  who  have  been  thrown 
together  for  various  random  reasons. 
Bonds  cannot  be  manufactured  at  will. 
Nor  can  that  socialisation  process  that 
will  enable  people  to  fulfil  their 
specific  functions  within  their  social 
system  be  compressed  into  a  few  years 
of  adult  life.  It  is  a  slow,  educative 
process,  the  most  important  part  of 
which  must  occur  in  the  early  years  of 
life — when  the  generalities  of  a  cultural 
pattern,  i.e.  its  basic  goals  and  values, 
are  inculcated  via  the  family  and  the 
small  community. 

To  understand  this  principle,  it  is 
necessary  to  see  how  cultural  informa- 
tion is  used  to  determine  the  adaptive 
and  self-regulatory  behaviour  of  a  social 
system,  in  fact,  how  the  basic  cyber- 
netic model  applies  to  a  society. 

If  a  society  is  capable  of  self-regulat- 
ing behaviour,  it  is  that  its  responses 
are  based  on  a  model  of  its  relationship 
with  its  enviroimient,  in  the  light  of 
which  they  are  being  continually  moni- 
tored. Such  a  model  is  a  society's  world- 
view,  or  "Weltanschauung",  which  is 
compounded  of  its  reUgion,  mythology, 
traditional  law,  etc. 


As  soon  as  one  understands  a 
society's  culture,  one  understands  the 
reason  for  its  behaviour  and  all  its 
actions  that  previously  appeared  ran- 
dom or  irrational,  now  appear  quite 
logical.  The  following  example  illu- 
strates this  point. 

It  is  well  known  that  some  Australian 
aborigines  failed  to  establish  a  cause 
and  effect  relationship  between  copula- 
tion   and    conception.    Instead,    they 
generally   believed  that  the  spirits  of 
children  yet  unborn,  which  were  appar- 
ently   referred    to    as    "ngargugalla", 
inhabited    some   strange    world    from 
which  they  only  emerged  when  dreamt 
of  by  their  mothers.  Daisy  Bates'  tells  us 
that  among  the  Koolarrabulloo  it  was 
the  father  who  had  to  have  such  a  dream: 
"They  believed  that  below  the  surface 
of  the  ground  and  at  the  bottom  of 
the  sea,  was  a  country  called  Jimbin, 
home   of  the   spirit   babies   of  the 
unborn,  and  the  young  of  all  the 
totems.  In  Jimbin  there  was  never  a 
shadow  of  trouble  or  strife  or  toil  or 
death:  only  the  happy  laughter  of  the 
little  people  at  play.  Sometimes  these 
spirit  babies  were  to  be  seen  by  the 
jalngangooroo,  the  witch-doctors,  in 
the  dancing  spray  and  sunlight  of  the 
beaches,  under  the  guardianship  of 
old  Koolibal,  the  mother-turtle,  or 
tumbling  and  somersaulting  in  the 
blue    waters    with    Pajjalburra,    the 
porpoise . . . 

"...  So  firm  was  the  belief  in  the 
'ngargalulla'  that  no  man  who  had 
not  seen  it  in  his  sleeping  hours  would 
claim  the  paternity  of  a  child  bom  to 
him.  In  one  case,  that  came  under  my 
observation,  a  man  who  had  been 
absent  for  nearly  five  years  in  Perth 
proudly  acknowledged  a  child  bom 
in  his  absence,  because  he  had  seen 
the  'ngargalulla",  and,  in  another, 
though  husband  and  wife  had  been 
separated  not  a  day,  the  man  refused 
absolutely  to  admit  paternity.  He  had 
not  dreamed  the  'ngargalulla'.  Should 
a  boy  arrive  when  a  girl  came  in  the 
dream,  or  should  the  ngargalulla  not 
have  appeared  to  its  rightful  father, 
the  mother  must  find  the  man  who 
has  dreamed  it  correctly,  and  he  is 
ever  after  deemed  to  be  the  father  of 
that  child." 

It  is  evident  that,  if  we  were  not  aware 
of  this  aspect  of  the  world-view  or 
model  of  the  Koolarrabulloo,  we  would 
find  their  attitude  towards  the  accept- 
ance of  paternity  totally  illogical.  How- 
ever, once  we  were  acquainted  with 
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their  model,  their  attitude  would  appear 
quite  reasonable,  and  could  even  be 
predicted  with  a  fair  measure  of 
probability.  There  is  no  reason  why  all 
seemingly  irrational  behaviour  can  be 
explained  on  the  basis  of  a  cultural 
model  of  this  sort. 

We  regard  as  "rational",  behaviour 
which  is  based  on  our  cultural  model 
of  the  world  and  which  somewhat 
presumptuously  we  regard  as  the  only 
valid  one.  However,  if  we  realised 
that  the  object  of  cultural  information 
is  to  mediate  the  behaviour  that  will  lead 
a  society  to  adapt  to  its  particular 
environment,  it  then  becomes  apparent 
that  whether  or  not  this  information 
constituted  "scientific"'  knowledge  is 
irrelevant,  and  hence  our  particular 
scientifically  based  culture  is  in  no  way 
superior  to  those  developed  by  the  most 
primitive  societies. 

Equally  important  is  the  fact  that  a 
culture  also  provides  a  society  with  a 
goal-structure  and  a  means  of  achieving 
it.  The  goal  of  all  self-regulating 
societies  appears  to  be  the  acquisition 
of  social  prestige.  It  is  important  to 
realise  that  this  goal  is  only  possible 
in  a  closely  knit  society,  in  which  there 
is  fundamental  agreement  as  to  what 
are  the  determinants  of  prestige.  These 
will  vary  in  each  society.  In  general  one 
can  say  that  these  will  coincide  with  the 
qualities  that  must  be  cultivated  if  the 
society  is  to  survive.  Thus  in  a  society 
of  hunter-gatherers,  success  in  a  hunt  is 
likely  to  be  a  determinant  of  prestige; 
among  societies  involved  in  war-like 
pursuits  courage  is  likely  to  be  particu- 
larly prestigious.  The  prestige  achieved 
will  determine  one's  position  in  the 
social  hierarchy.  This  hierarchy  is  of 
immense  importance  in  avoiding  strife 
and  in  ensuring  a  socially  acceptable 
division  of  labour  among  the  members 
of  the  society.  If  there  is  no  hierarchy 
there  will  be  constant  bickering  and 
fighting.  There  will  also  be  no  mechan- 
ism for  ensuring  the  perpetuation  of 
those  qualities  required  if  the  society 
is  to  survive.  Hierarchy  is  another  word 
for  organisation.  There  are  only  two 
ways  of  dispensing  with  it:  one  is  to 
accept  chaos  and  with  it  asystemic 
controls  such  as  dictators,  the  other  is 
to  reduce  the  size  of  the  society.  In  an 
extremely  small  social  grouping  such  as 
the  Kalahari  Bushmen  and  the  Pygmies 
of  the  Ituri  Forest,  the  requirement  for 
hierarchy  is  reduced  to  a  minimtmi,  and 
very  stable  egalitarian  societies  are 
possible.  However,  as  the  size  of  the 
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groupings  increases  so  must  the  re- 
quirement for  hierarchy. 

Each  society  has  a  whole  set  of  beliefs 
regarding  the  supernatural  forces  that 
can  be  exploited  to  enable  individuals, 
associations  and  society  as  a  whole  to 
achieve  their  ends. 

Many  ceremonies  and  rituals  are 
performed  to  this  end,  all  of  which  have 
the  additional  effect  of  tightening  social 
bonds,  and  hence  of  further  increasing 
social  organisation.  At  the  same  time, 
every  society  has  a  set  of  taboos, 
basically  to  prevent  supernatural  forces 
from  being  mobilised  to  hinder  the 
achievement  of  the  society's  goal- 
structure'. 

There  is  every  reason  that  the  goal 
that  self-regulating  societies  set  them- 
selves is  one  whose  achievement  permits 
the  satisfaction  of  the  enviroimient's 
many  competing  requirements  and  is 
not  purely  arbitrary  as  in  the  case  of  our 
society. 

This  may  be  illustrated  by  the  way  in 
which  the  size  of  the  simple  society  is 
determined.  Thus  if  the  Eskimos  live  in 
small  family  units  during  the  summer 
months,  it  is  because  there  is  no  need 
for  a  larger  unit,  indeed  the  arctic  areas 
they  inhabit  would  not  support  one. 
If  the  Pygmies  of  the  Congo  live  in 
small  bands  it  is  because  this  is  the  ideal 
number  of  people  for  survival  in  tropical 
rain  forests,  possibly  providing  the 
minimum  number  of  hunters  required 
to  trap  an  elephant.  If  the  society  is 
truly  self-regulating,  however,  it  should 
be  capable  of  reducing  or  increasing 
complexity  to  permit  adaptation  to 
changing  environmental  conditions — so 
long  as  these  occur  within  certain 
limits.  Thus  when  faced  with  the 
Macedonian  menace,  it  would  have  been 
adaptive  for  the  Greek  city  states  to 
join  together  to  form  a  league,  i.e.  to 
achieve  a  higher  level  of  organisation. 
This  they  never  really  succeeded  in 
doing,  though  there  were  many  attempts. 

On  the  other  hand,  in  the  absence 
of  environmental  challenges  requiring 
action  on  the  part  of  a  larger,  more 
complex  social  unit,  it  would  be  adaptive 
for  complexity  to  be  reduced,  for  the 
society  to  break  up,  temporarily  at 
least,  into  its  constituent  parts.  Usually, 
however,  institutional  barriers  prevent 
this  from  occurring.  Central  govern- 
ments are  jealous  of  the  territories  that 
they  control  and  usually  refuse  to  face 
reality,  once  environmental  conditions 
render  superfluous  and  artificial  the 
states  that  they  control. 


The  important  thing  is  that  a  self- 
regulating  society  must  be  goal-directed. 
It  moves  in  a  particular  direction,  and 
both  the  goal  towards  which  it  is  moving, 
and  that  behaviour  pattern  that  permits 
its  achievement,  are  culturally  deter- 
mined. 

For  the  society  to  keep  moving  in 
this  direction,  it  means  that  all  its  mem- 
bers must  be  imbued  with  the  cultural 
information  that  will  enable  them  to 
fulfil  their  specific  functions  as  special- 
ised members  of  their  social  system. 
It  also  means  that  every  cultural  trait 
which  we  often  tend  to  regard  as  being 
of  little  practical  significance,  and 
which  our  missionaries,  educators,  ad- 
ministrators, etc.,  are  only  too  pleased 
to  interfere  with,  has  a  specific  function 
in  the  overall  social  behaviour  pattern. 

If  one  were  acquainted  with  the  cul- 
ture of  any  stable  society  and  were 
capable  of  working  out  the  role  played 
by  each  of  the  customs  and  institutions 
within  this  culture,  i.e.  by  determining 
in  what  way  they  contributed  towards 
the  adaptive  beiiaviour  of  the  society 
to  its  particular  environment,  one  could 
easily  imagine  what  would  be  the 
consequences  of  their  suppression  by 
outside  interference.  Let  us  take  the 
case  of  the  marital  customs  of  the 
Comorians,  who  inhabit  a  group  of 
islands  between  Mozambique  and 
Madagascar.  The  people  of  the  Comores 
have  a  complex  social  organisation, 
probably  based  on  indigenous  customs 
upon  which  were  superimposed  those 
of  their  Islamic  conquerors.  From  the 
former  they  inherited  a  matrilineaJ  and 
matrolocal  tradition;  from  the  latter  a 
patrilineal  and  patrilocal  one.  Islamic 
marital  law  has  also  been  adopted.  As 
a  result,  there  is  polygamy  and  a  high 
frequency  of  divorce.  Indeed,  so  high  is 
the  latter  that  it  is  perfectly  normal 
for  a  woman  to  have  been  married  five 
to  ten  times.  From  the  experience  gained 
in  our  society,  we  would  tend  to  asso- 
ciate such  a  consequent  number  of 
"broken  homes",  with  a  very  high  rate 
of  juvenile  delinquency,  schizophrenia 
and  suicide,  i.e.  the  symptoms  of  social 
disorder.  However,  things  do  not  work 
out  that  way. 

In  Mayotte,  one  of  the  islands 
making  up  the  Comores  Archipelago, 
there  have  been  only  two  deaths  by 
violence  in  the  last  fifty  years,  and 
neither  were  premeditated  murders. 
Crime  in  general  is  minimal,  as  are 
mental  diseases,  delinquency,  suicide  and 
the  other  symptoms  of  social  disorder. 


365 


The  society  is  thus  culturally  adapted 
to  marital  instability,  which  ours  is  not. 
The  reasons  are  two-fold.  First,  by 
virtue  of  the  institution  of  matri- 
linearity  and  inatrilocality,  a  child 
is  partly  the  responsibility  of  the 
mother's  clan.  Many  of  the  functions 
of  fatherhood  are  in  fact  fulfilled  by  the 
mother's  elder  brother,  and  inheritance, 
for  instance,  is  primarily  through  him 
ratherthan  through  the  father.  Secondly, 
by  custom,  the  step-father  automatically 
assumes  many  of  the  responsibilities 
of  fatherhood,  vis-a-vis  the  cliildren 
that  his  new  wife  has  had  with  previous 
husbands.  The  step-father,  or  "baba 
combo",  is,  in  particular,  responsible 
for  the  payment  of  the  very  large 
expenses  involved  in  the  circumcision 
ceremony  of  his  stepsons.  Also,  the 
father's  role  is  reduced  by  the  fact  that 
the  children  are  brought  up  in  the 
mother's  home.  As  the  father  probably 
has  several  other  wives,  he  will  in  any 
case  only  be  physically  present  in  one 
particular  house  on  one  or  two  days  a 
week.  For  all  these  reasons,  divorce 
does  not  have  the  same  unsettling 
effect  in  the  Comores  that  it  does  in 
our  society.  Now,  supposing  a  mission- 
ary or  administrator  suddenly  decided 
that  matriUnearity  and  matrilocality 
were  vestiges  of  barbarity  not  to  be 
found  in  modern  civilised  societies,  and 
that  they  must,  therefore,  be  abolished; 
unless  he  abolished  at  the  same  time 
many  of  the  other  customs  making  up 
this  complex  culture,  the  results  would 
be  disastrous.  Schizophrenia,  delin- 
quency, and  the  other  symptoms  of 
social  disorder  would  result,  as  they  do 
in  our  society  with  the  break-up  of  the 
nuclear  family. 

What  is  particularly  striking  about 
the  self-regulating  society  is  the  absence 
of  these  forms  of  deviation.  Crime  is,  in 
fact,  an  extremely  rare  occurrence  in 
spite  of  the  fact  that  there  are  no  police- 
men, lawcourts,  tribunals,  etc.  Indeed 
in  such  a  society,  there  is  no  need  for 
external  controls  of  this  sort.  Systemic 
controls,  i.e.  those  controls  applied  by 
the  society  as  a  whole  through  the 
medium  of  public  opinion,  are  sufficient 
to  prevent  any  deviation  from  the 
accepted  norm*. 

As  Linton  writes:  "The  Eskimos  say 
that  if  a  man  is  a  thief  no  one  will  do 
anything  about  it,  but  the  people  will 
laugh  when  his  name  is  mentioned. 
This  does  not  sound  like  a  severe  penalty 
but  it  suffices  to  make  theft  almost 
unknown.   Ridicule  will  bring  almost 


any  individual  to  terms,  while  the  most 
stubborn  rebel  will  bow  before  ostracism 
or  the  threat  of  expulsion  from  his 
group." 

Besides  in  a  stable  society,  all  the 
citizens  will  have  the  good  of  the 
society  at  heart.  They  will  feel  part  of  it 
and  will  all  equally  oppose  the  beha- 
viour on  the  part  of  any  of  its  members 
that  is  contrary  to  the  established 
customs  and  that  might  compromise 
the  interests  of  the  society  as  a  whole. 
Solon  was  once  asked  which  was  the 
best  policed  city*.  "The  city"  he  replied 
"where  all  the  citizens,  whether  they 
have  suffered  injury  or  not,  equally 
pursue  and  punish  injustice."  The  same 
spirit  that  Solon  expressed  is  apparent 
in  Pericles'  celebrated  speech  over  the 
bodies  of  the  first  victims  of  the 
Peloponnesian  war:  "...  We  are  pre- 
vented from  doing  wrong  by  respect  for 
authority  and  for  the  laws,  having  an 
especial  regard  for  those  which  are 
ordained  for  the  protection  of  the 
injured,  as  well  as  for  those  unwritten 
laws  which  bring  upon  the  transgressor 
of  them  the  reprobation  of  the  general 
sentiment." 

We  regard  government,  parliaments, 
and  vast  bureaucracies  as  essential  to 
all  societies.  However,  it  is  probable 
that  most  of  the  societies  ever  developed 
by  man  dispensed  with  such  external 
controls.  As  Lowie  writes': 

".  .  .  it  should  be  noted  that  the 
legislative  function  in  most  primitive 
communities  seems  strangely  cur- 
tailed when  compared  with  that 
exercised  in  the  more  complex  civilisa- 
tions. All  the  exigencies  of  normal 
social  intercourse  are  covered  by 
customary  law,  and  the  business  of 
such  govertuTiental  machinery  as 
exists  is  rather  to  exact  obedience 
to  traditional  usage  than  to  create 
new  precedents." 

Indeed,  in  such  societies,  nothing  can 
be  found  to  correspond  to  our  notion 
of  government.  There  are  no  kings, 
presidents,  or  even  chiefs,  no  courts  of 
law,  prisons  or  police  force.  The 
closest  approximation  to  a  political 
institution  is  the  council  of  elders  that 
occasionally  gathers  to  discuss  impor- 
tant issues.  It  is  for  this  reason  that  the 
Australian  aboriginal  tribe  has  often 
been  referred  to  as  a  "gerontocracy", 
or  as  a  government  by  the  old  men — a 
title  that  can  aptly  be  applied  to  most 
simple,  ordered  societies. 

The  absence  of  formal  institutions. 


rather  than  give  rise  to  the  permissive- 
ness that  we  would  expect,  is  in  fact 
associated  with  discipline  and  the 
strictest  possible  adherence  to  the 
tribal  code  of  ethics.  Behaviour  which, 
in  a  disordered  society,  could  only  be 
exacted  at  the  cost  of  brutal  coercion, 
is  with  them  ensured  by  the  force  of 
public  opinion,  the  sanction  of  the 
elders,  and  the  fear  of  the  ancestral 
spirits. 

In  more  ad\'anced  societies,  we  find 
the  same  principle  obtaining  in  a  less 
extreme  form.  Thus,  in  ordered  societies 
where  public  opinion  plays  an  important 
role,  the  need  for  strong  government, 
and  in  particular,  dictators,  is  corres- 
pondingly reduced. 

Conversely,  in  these  disordered  soc- 
ieties where  public  opinion  plays  but  a 
small  part,  we  find  that  the  absence  of 
the  most  authoritarian  government, 
linked  to  an  all-pervasive  and  coercive 
bureaucracy  inevitably  leads  to  lawless- 
ness and  mob  rule. 

By  causing  the  disintegration  of  a 
society,  by  overloading  the  social 
system  with  too  many  people,  or  by 
increasing  mobility  so  as  to  prevent 
their  proper  socialisation,  one  is  reduc- 
ing the  power  of  public  opinion,  and 
thereby  the  society's  capacity  for  self- 
regulation.  We  are  introducing  asyst- 
eraic  controls  in  ever  greater  quanti- 
ties :  more  politicians,  more  bureaucrats, 
more  laws,  more  tribunals,  so  one  is 
rendering  the  systemic  controls  ever 
more  redundant,  and  further  reducing  a 
society's  capacity  for  self-regulation. 

A  society  used  to  being  run  in  this 
manner  ceases  to  be  capable  of  running 
itself.  In  many  South  American  repub- 
lics, the  deposition  of  one  dictator 
will  lead  merely  to  the  installation  of 
another.  Real  democracy  is  not  possible 
since  the  essential  social  structure  for 
rendering  it  possible  does  not  obtain. 
A  mass  democracy  is,  in  fact,  a  contra- 
diction in  terms,  and  as  our  society 
becomes  ever  more  massive  and  ever 
less  organised,  i.e.  as  entropy  and 
randomness  increase,  so  must  there  be  a 
proportionate  increase  in  the  precarious 
asystemic  controls  required  to  maintain 
a  semblance  of  social  order,  and  a 
similar  reduction  in  its  stability  and 
hence  in  its  capacity  to  survive. 

We  can  thereby  formulate  the  essen- 
tial principle  that  the  higher  the  entropy 
or  randomness  of  a  social  system,  the 
greater  must  be  the  need  for  asystemic 
controls  of  which  the  most  extreme  kind 
is  a  dictator. 
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Such  controls  are  as  unsatisfactory 
in  social  systems  as  they  are  in  eco- 
systems, and  for  the  same  reasons.  A 
dictator  gears  his  society  to  the  achieve- 
ment of  what  is  usually  an  arbitrary 
goal  regardless  of  enviroamental  re- 
quirements. This  can  therefore  only 
increase  the  society's  instability. 

As  we  have  seen,  it  creates  a  need  for 
further  dictatorship  by  destroying 
natural  systemic  controls  which  it 
renders  redundant. 

It  is  also  highly  vulnerable.  One  can 
exterminate  a  large  proportion  of  the 
population  of  a  self-regulating  society 
without  affecting  its  organisation  or  its 
capacity  to  govern  itself,  whereas  in  a 
dictatorship,  it  suffices  to  kill  the  dic- 
tator for  the  society  to  be  plunged  into 
chaos  and  civil  war,  a  point  that  is 
particularly  well  illustrated  by  the 
experience  of  the  later  Roman  Empire. 

Dictatorship,  in  other  words,  involves 
a  drastic  simplification  of  a  society's 
controlmechanisms,  and  must  determine 
a  corresponding  reduction  in  its  stability. 

Our  industrial  society  is  further 
affecting  human  society  by  absorbing 
non-industrial  cultures.  Whereas  there 
were  previously  innumerable  cultures 
geared  to  totally  different  ends,  so,  as 
they  fall  within  the  orbit  of  industrial 
"civilisation",  they  come  more  and 
more  to  resemble  each  other. 

It  is  significant  that  in  New  Guinea, 
that  last  great  reservoir  of  primitive 
cultural  wisdom,  there  are  still  700 
different  cultural  patterns,  each  with 
hs  own  distinct  language.  In  such 
circumstances  mistakes  committed  by 
one  such  social  group  are  likely  to  have 
the  minimal  effect  on  the  others  and  the 
probability  that  at  least  one  cultural 
pattern  provides  the  solution  to  a  new 
environmental  problem  is  maximised. 

The  absorption  of  these  aiverse  highly 
differentiated  societies  into  a  common 
mass-society  geared  to  the  achievement 
of  short-term  material  ends  is  a  loss  to 
humanity  that  cannot  be  over-empha- 
sised. 

It  must  seriously  reduce  the  complex- 
ity and  hence  the  stability  of  human 
social  organisations  on  this  planet.  It 
must  also  lead  to  the  irreparable  loss 
of  a  vast  store  of  cultural  information 
which  is  as  important  to  man's  survival 
as  is  the  store  of  genetic  plant  variety  so 
seriously  compromised  by  modern  agri- 
cultural techniques. 

Social  disruption  and  its  effects 

There     is     increasing     evidence     that 
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deprivation  of  a  satisfactory  family 
environment  will  affect  children  pro- 
foundly and  colour  every  aspect  of  their 
later  life.'"  Such  children  are  often 
referred  to  as  emotionally  disturbed. 
However  bright  they  may  be,  they  will 
tend  to  find  it  very  difficult  to  fit  into 
their  social  environment,  the  reason 
being  that  the  early  and  most  important 
stages  of  socialisation  were  badly 
impaired.  The  earlier  family  deprivation 
occurred,  the  more  will  this  be  the  case, 
for  as  D.  O.  Hebb"  shows,  the  effect  of 
early  experience  on  adult  behaviour  is 
universally  correlated  with  age. 

Sadly,  it  is  rarely  possible  for  socially 
deprived  and  emotionally  disturbed 
children  to  be  satisfactorily  socialized. 
No  amount  of  school  education  can  do 
much  for  them. 

They  are  characterised  by  their 
inability  to  accept  any  social  constraints. 
They  are  unable  to  concentrate  on  their 
work  and  are  only  interested  in  things 
which  are  of  apparent  immediate 
advantage  to  them.  Regardless  of  their 
intelligence  level,  they  are  thus  extremely 
difficult  to  educate.  They  are  particu- 
larly concerned  with  the  present,  and 
the  short-term,  and  are  predisposed  to 
all  pathological  forms  of  behaviour 
such  as  delinquency,  drug  addiction, 
alcoholism  and  schizophrenia. 

What  is  worse,  when  they  grow  up, 
they  are  unlikely  to  be  capable  of 
fulfilling  their  normal  family  functions; 
their  children,  consequently  also  depri- 
ved of  a  normal  family  environment, 
will  in  turn  tend  to  be  emotionally 
unstable. 

John  Bowlby  went  so  far  as  to 
compare  a  delinquent  with  a  typhoid 
carrier'^.  He  is  as  much  a  carrier  of 
disease  as  the  latter — of  a  disease  of  the 
personality  which  will  affect  his  family 
and  his  community  for  generations, 
until  his  descendants  are  eliminated  by 
natural  selection. 

Socially  deprived,  emotionally  dis- 
turbed youths  are  a  feature  of  disinte- 
grating societies.  In  the  black  ghettoes 
of  New  York  and  other  large  American 
cities,  they  are  the  rule  rather  than  the 
exception.  There  is  increasing  reason 
to  suppose  that  the  low  standard  of 
achievement  and  the  high  rate  of 
crime,  and  various  forms  of  retreatism 
that  characterise  such  societies  are 
mainly  attributable  to  family  depriva- 
tion. 

If  a  child  is  seriously  affected  by 
being  deprived  of  a  satisfactory  family 
environment,  an  adult  is  also  adversely 


affected  by  being  deprived  of  a  satis- 
factory communal  environment. 

As  we  have  seen,  in  a  stable  society, 
a  cultural  pattern  provides  an  individual 
with  a  complete  goal  structure  and  an 
environment  within  which  these  goals 
can  be  satisfied. 

In  a  stable  society  the  principle  goal 
appears  to  be  the  acquisition  of 
prestige,  to  be  looked  up  to  by  one's 
family  and  community. 

In  our  industrial  society,  prestige  is 
achieved  in  a  variety  of  ways,  including 
the  right  education,  entering  a  socially 
acceptable  profession  and  perhaps  most 
important  of  all,  making  money. 

Those  who  have  not  been  subjected 
to  the  normal  socialisation  process  and 
in  particular  members  of  different 
minority  ethnic  groups,  may  for  various 
reasons,  find  these  avenues  of  success 
barred  to  them.  In  such  conditions  they 
have  no  alternative  but  to  develop  a 
substitute  set  of  goals.  Cloward  and 
Ohlin'^  interpret  the  development  of  a 
criminal  sub-culture  in  the  sliuns  of  a 
big  city  in  these  terms.  It  provides 
people  with  a  new  set  of  goals  which  they 
can  achieve.  Once  crime  becomes  big 
business,  and  requires  the  same  sort  of 
qualities  that  permit  success  in  the 
mainstream  culture,  then  a  further  sub- 
stitute outlet  is  required. 

It  is  in  these  terms  that  Cloward  and 
Ohiin  interpret  the  "violent  gang"  sub- 
culture which  also  has  its  own  ethic  and 
goal  structure,  so  different  from  the 
mainstream  culture.  However,  those 
who  have  not  succeeded  in  shedding 
the  latter's  values  find  themselves 
incapable  of  participating  in  it.  They  are 
forced  to  indulge  in  one  or  other  form 
of  retreatism — to  isolate  themselves 
psychologically  from  an  environment 
which  not  only  fails  to  provide  them 
with  an  essential  set  of  goals  but  also 
denies  them. 

Merton"  describes  a  retreatist  in  the 
following  way:  ".  .  .  Defeatism,  quiet- 
ism and  resignation  are  manifested  in 
escape  mechanisms  which  ultimately 
lead  him  to  'escape'  from  the  require- 
ments of  the  society.  It  is  thus  an 
expedient  which  arises  from  the  con- 
tinued failure  to  near  the  goal  by 
legitimate  measures  and  from  an  ina- 
bility to  use  the  illegitimate  route 
because  of  internalised  prohibitions, 
this  process  occurring  while  the  supreme 
value  of  the  success-goal  has  not  yet 
been  renounced.  The  conflict  is  resolved 
by  abandoning  both  precipitating  ele- 
ments, the  goals  and  the  means.  The 
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escape  is  complete,  the  conflict  is 
eliminated  and  the  individual  is  asso- 
cialised." 

In  a  disintegrating  society  one  would 
tend  to  find  sub-cultures  developing 
along  all  these  different  lines  in  varying 
degrees,  i.e.  there  will  be  an  increase  in 
delinquency,  violence  and  all  the  various 
forms  of  retreatism,  such  as  drugs, 
drink,  strange  religious  cults,  etc,  and 
mental  disease.  Such  a  society  will  be 
characterised  by  a  general  feeling  of 
aimlessness,  a  frantic,  almost  pathetic 
search  for  originality,  over-preoccupa- 
tion with  anything  capable  of  providing 
short-term  entertainment,  and  beneath 
it  all  a  feeling  of  hopelessness  of  the 
futility  of  all  effort. 

Crime 

In  the  United  States,  according  to 
Mr  John  Mitchell,  Attorney-General, 
crime  in  cities  of  more  than  250,000 
inhabitants  is  two  and  a  half  times  that 
of  the  suburbs,  which  in  turn  is  twice 
that  of  rural  areas.  Crime,  needless  to 
say,  is  on  the  increase.  In  the  United 
States  it  has  doubled  in  the  last  10  years. 
In  1969  there  were  2,471  crimes  per 
100,000  inhabitants.  There  were  655.000 
\iolent  crimes  and  4,334,000  crimes 
against  property,  14,590  murders,  36,470 
rapes  and  306,420  aggravated  assaults. 
TTiis  is  an  increase  of  12  per  cent  over 
the  previous  year.  In  the  United 
Kingdom,  crime  is  increasing  at  a 
similar  rate.  In  1970,  according  to  a 
f\fewsight  investigation,  there  were  li 
million  indictable  crimes,  300,000  in 
London  alone,  an  increase  of  about 
10  per  cent  over  1969. 

Crimes  of  violence  and  burglary  and 
battery  in  particular  are  increasing  at 
the  fastest  rate,  at  more  than  1 5  per  cent 
per  annum.  There  are  at  present  66 
crimes  of  violence  per  100,000  people 
in  the  United  Kingdom  as  opposed  to 
324  per  100,000  in  the  United  States.  At 
the  present  doubling  rate  of  five  years 
it  will  take  approximately  12  years  to 
achieve  the  US  rate  of  324  per  100,000 
which  is  so  bad  that  life  in  cities  has 
become  intolerable  and  economic 
activity  seriously  menaced. 

Professor  Michael  Banton  of  the 
Department  of  Sociology,  Bristol  Uni- 
versity, told  the  British  Association  for 
the  Advancement  of  Science  that 
"increased  disorder  is  part  of  the  price 
we  pay  for  the  adaptation  of  our  social 
arrangements  to  an  economic  system 
which  brings  us  such  great  material 
benefits". 


The  relationships  between  crime  rate 
and  urbanisation  has  been  established 
in  a  recent  study  in  the  US  (see  Table  8) 
which  shows  that  it  is  considerably 
higher  per  capita  in  cities  of  more  than 
250,000  than  in  small  towns  with  a 
population  of  less  than  10,000. 

Crime  is  pari  of  the  price  of  aflluence, 
or  more  precisely,  of  the  social  disinte- 
gration that  affluence  gives  rise  to. 

Perhaps  the  most  damning  indict- 
ment of  our  industrial  society  is  the 
behaviour  of  people  when  the  elaborate 
mechanisms  of  the  law  are  for  some 
technical  reason  put  temporarily  out  of 
action. 

In  Montreal,  during  a  24-hour  police 
strike,  shops  were  pillaged,  women 
raped  and  houses  burgled. 

In  London,  during  a  power  strike, 
theft  increased  to  such  as  extent  in 
shops  and  department  stores  that  many 
had  to  close  until  the  light  came  on 
again. 

Nothing  better  illustrates  what  can 
happen  when  the  self-regulating  mechan- 
isms which  normally  ensure  the  orderly 
behaviour  of  the  members  of  a  stable 
society  break  down  and  are  replaced  by 
a  precarious  set  of  external  controls. 

Illegitimacy 

As  the  family  unit  breaks  down,  it  is 
not  surprising  to  find  that  illegitimacy, 
another  symptom  of  social  disintegra- 
tion, increases.  Nor  is  it  surprising  to 
find  that  it  is  closely  linked  with  other 
symptoms  of  social  disintegration.  Ac- 
cording to  W.  R.  Lyster,  an  Australian 
statistician,  "Crime  and  illegitimacy 
rates  are  simultaneous  in  their  incidence. 
The  illegitimacy  rate  in  England  and 
Wales  per  100  of  all  births  has  increased 


since  1955  from  4.7  to  7.8;  crime  has 
increased  from  about  45  per  10,000  to 
120  per  10,000;  thus,  both  have  more 
than  doubled." 

Illegitimacy  is  costing  our  govern- 
ment £52  million  per  year.  In  industrial 
slums  and  other  societies  that  have 
reached  the  more  advanced  stages  of 
disintegration  it  is  not  unusual  to  find 
that  up  to  70  per  cent  of  children  are 
illegitimate. 

W.  A.  W.  Freeman,  President  of  the 
Children's  Officers  Association,  has 
recently  reported  a  startling  increase  in 
the  number  of  women  who  are  simply 
abandoning  their  children,  something 
which  would  not  occur  in  a  stable 
society. 

Alcoholism 

For  each  specific  cultural  pattern  there 
must  exist  an  optimum  degree  of 
alcohol  consumption.  It  is  likely  that 
increases  over  and  above  this  level  will 
be  in  direct  proportion  to  the  develop- 
ment of  disorder  within  the  society 
itself.  The  number  of  offences  of 
drunkenness  proved  in  England  and 
Wales  for  the  year  1967  is  greater  than 
the  number  of  offences  proved  in 
previous  years.  The  increase  as  expected 
occurred  in  the  large  cities,  the  City  of 
London  having  476.43  offences  for  each 
10,000  of  its  population.  The  Home 
Office  with  characteristic  ignorance  of 
basic  sociological  matters  writes,  "No 
reason  for  the  increase  can  be  adduced. 
There  was  no  significant  change  in  the 
liquor  licensing  laws." 

According  to  the  National  Council 
on  Alcoholism,  alcoholism  is  costing 
the  country  about  £250  million  a  year, 
mainly    by    absenteeism    from    work. 


Table  8 

Increase  in  Crime  Rates  With  Increase  in  Size: 

Urban  Crime  Rates  per  100,000  Population  1957 


Size 

of  cities 

o^er  250.000 

50,000  to 

100.000 

under  10,000 

Criminal  homicide 

Murder,  non-negligent 

manslaughter 

5.5 

4.2 

2.7 

Manslaughter  by  negligence 

4.4 

3.7 

L3 

Rape 

23.7 

9.3 

7.0 

Robbery 

108.0 

36.9 

16.4 

Aggravated  assault 

130.8 

78.5 

34.0 

At  this  point  the  scale  changes 

Burglary,  breaking  or  entering 

574.9 

474.6 

313.3 

Larceny-tlieft 

1,256.0 

1.442.4 

992.1 

Auio  theft 

337.0 

226.9 

112.9 

Reproduced  by  courtesy  of  the  Pembenon  Publishing  Co.  from  Population  Versus  Liberty  by 
Jack  Panions. 
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About  seven  workers  out  of  every 
thousand  have  drinking  problems,  and 
there  are  about  400,000  alcoholics  in  the 
country,  a  figure  which  is  increasing 
annually. 

Mental  Health 

Social  disintegration  is  a  major  cause 
of  mental  disease.  When  an  individual 
deprived  of  his  essential  social  and 
physical  environment  is  incapable  of 
building  a  substitute  one,  or  fails  to 
isolate  himself  from  the  one  he  can  no 
longer  tolerate,  by  means  of  drugs  or 
alcohol,  his  behaviour  pattern,  no 
longer  adaptive  to  an  environment  for 
which  it  was  not  designed,  tends  to 
break  down.  One  remaining  position  of 
defence  is  to  build  up  his  own  personal 
world  of  fantasy  which  contains  just 
those  environmental  constituents  of 
which  he  has  been  deprived,  and  which 
he  most  requires. 

There  is  considerable  evidence  to 
show  that  members  of  a  society  under- 
going acculturation,  whose  culture  is 
breaking  down  under  the  influence  of 
an  alien  one  are  particularly  prone  to 
mental  disease. 

As  national  boundaries  break  down, 
small  communities  are  swallowed  up 
by  vast  urban  conglomerations,  mobility 
is  increased  and  people  move  about  the 
place  in  search  of  better  pay,  so  cul- 
tural patterns  break  down. 

In  the  United  Kingdom,  mental 
disease  is  increasing  at  a  phenomenal 
rate.  According  to  Ministry  of  Health 
statistics  169,160  people  were  admitted 
to  hospitals  in  England  and  Wales  in 
1967  suffering  from  mental  illness,  two 
and  a  half  times  as  many  as  in  1951. 

There  were  600,000  mentally  dis- 
ordered people  in  England  and  Wales  in 
1967,  186,901  of  them  occupying  hospi- 
tal beds  or  46.6  per  cent  of  all  hospital 
beds.  Thirty-two  million  working  days 
every  year  are  lost  because  of  mental 
illness,  representing  a  cost  to  the  nation 
of  £100  million,  and  local  authorities 
spent  £20,250,000  in  mental  health, 
more  than  six  times  what  was  spent  in 
1957. 

Suicide 

Durkhetm  regarded  suicide  as  the 
ultimate  manifestation  of  anomie.  He 
found  that  the  suicide  rate  was  partic- 
ularly low  in  poor  rural  communities 
where  social  structures  were  intact,  and 
high  in  disintegrating  affluent  societies, 
especially  among  the  working  classes 
and  even  more  so  among  immigrants, 
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in  this  case  Italians  to  the  cities  of 
Lorraine. 

He  goes  so  far  as  to  say  that  "suicide 
varies  in  inverse  proportion  to  the 
degree  of  integration  of  the  social  groups 
to  which  the  individual  belongs". 

In  Britain  the  suicide  rate  has  fallen 
over  the  last  six  years  by  about  200  a 
year.  Nevertheless,  according  to  the 
Samaritans,  a  lay  organisation  that  helps 
depressed  and  potentially  suicidal  people, 
the  number  of  potential  suicides  has 
more  than  doubled  in  the  last  two  years. 

In  1967  their  seven  London  area 
branches  dealt  with  5,999  new  cases.  In 
1969  the  same  branches  dealt  with  a 
further  11,641  cases.  The  Reverend 
Basil  Higginson,  an  official  of  this 
organisation,  estimates  that  cases  would 
go  on  rising  at  this  rate. 

Conclusion 

There  is  every  reason  to  believe  that 
the  social  ills  at  present  afflicting  our 
society — increasing  crime,  delinquency, 
vandalism,  alcoholism  as  well  as  drug 
addiction — are  closely  related  and  are 
the  symptoms  of  the  breakdown  of  our 
cultural  pattern  which  in  turn  is  an 
aspect  of  the  disintegration  of  our 
society.  These  tendencies  can  only  be 
accentuated  by  further  demographic 
and  economic  growth.  It  is  chimeric  to 
suppose  that  any  of  these  tendencies  can 
be  checked  by  the  application  of 
external  controls  or  by  treating  them  in 
isolation,  i.e.  apart  from  the  social 
disease  of  which  they  are  but  the 
symptoms. 

It  is  the  cause  itself,  unchecked 
economic  and  demographic  growth,  that 
must  be  treated.  Until  such  time  as  the 
most  radical  measures  are  undertaken 
for  this  purpose,  these  tendencies  will 
be  further  accentuated — until  their  cost 
becomes  so  high  that  further  growth 
ceases  to  be  viable. 

APPENDIX  C 

Population  and  food 
supply 

It  is  a  common  assumption  that 
throughout  the  entire  history  of  man- 
kind, human  populations  have  expanded 
whenever  conditions  permitted.  Thus  it 
is  argued  that  during  the  100,000  genera- 
tions in  which  our  forebears  lived  by 
food-collecting,  the  difficulties  of  keep- 
ing body  and  soul  together  were  so  great 
that  populations  were  limited  largely  by 
crude  food  availability.  Then  with  the 


adoption  of  agriculture,  some  200  to  300 
generations  ago,  the  new-found  sources 
of  food  permitted  populations  to  expand 
until  generally-speaking  they  were  held 
down  only  by  disease.  Finally,  modern 
public  health  methods,  principally 
greatly  improved  sanitation  and  vector 
control  procedures,  permitted  the 
phenomenal  increases  which  collectively 
are  known  today  as  the  population 
explosion. 

Yet  there  is  now  good  evidence  that 
many  of  the  human  societies  living 
before  the  agricultural  revolution  (and  a 
few  after)  were  stable  societies  in  the 
strict  sense  of  the  phrase;  i.e.  they  were 
regulated  not  by  starvation,  disease  or 
war,  but  by  cultural  controls  which  only 
now  we  are  beginning  to  understand. 
Why  these  controls  disappeared  we  do 
not  know.  For  the  time  being,  how- 
ever, we  may  speculate  that  they  were 
lost  in  the  cultural  changes  such  societies 
must  have  undergone  in  response  to  the 
immense  ecological  changes  brought 
about  by  each  advance  and  retreat  of 
glaciation  during  the  Pleistocene  Ice 
Age. 

Since  in  a  nutshell  the  problem  of 
populations  and  food  supply  is  how  to 
live  within  one's  ecological  means 
without  being  forced  to  do  so  by  naked 
hunger,  it  is  worth  bearing  in  mind  that 
man  (like  many  other  animals)  is 
potentially  capable  of  so  doing.  In 
the  meantime,  we  are  faced  with  the 
task  of  reducing  birth  rate  to  compen- 
sate for  the  fall  in  death  rate,  because 
daunting  though  it  undoubtedly  is,  the 
alternative  of  satisfactorily  feeding  an 
expanding  population  is  still  more  so. 
Nonetheless,  so  far  attempts  to  reduce 
birth  rates  have  been  largely  ineffective 
on  a  global  scale  and  even  if  they  were 
to  be  successful  it  is  unlikely  that  they 
could  produce  significant  reductions  in 
population  growth  rates  within  the  time 
scale  required  to  avoid  major  food 
shortages. 

It  is  argued  that  the  raising  of  living 
standards  will,  of  itself,  limit  population 
growth  by  offering  economic  incentives 
that  are  reduced  if  the  ratio  of  wage- 
earners  to  dependants  within  the  family 
group  is  weighted  too  heavily  in  favour 
of  dependants.  Evidence  of  this  is 
contradictory,  although  it  is  true  that 
families  have  become  smaller  in  Europe 
as  levels  of  material  prosperity  have 
risen.  However,  it  is  not  possible  that 
this  situation  can  be  repeated  through- 
out the  world  as  a  whole.  The  planet 
lacks    the    resources    to    permit    the 
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industrialisation  that  would  be  required 
and  even  if  these  were  to  be  found  the 
levels  of  pollution  generated  by  such  a 
level  of  industrial  activity  would  be 
greater  than  could  be  absorbed  by  the 
ecosphere.  Even  then,  although  the  rate 
of  increase  would  be  reduced,  popula- 
tions would  continue  to  grow. 

The  population  of  Britain  is  growing 
at  0.5  per  cent  per  year,  which  gives  it  a 
doubling  time  of  1 38  years.  While  this  is 
much  lower  than  the  worid  average  (1.9 
per  cent  each  year)  each  individual 
within  an  industrial  society  consumes 
far  more  resources  and  contributes  far 
more  to  environmental  pollution  than 
an  individual  in  an  agrarian  society. 
Prof  Wayne  Davis'  considers  that  an 
American  has  25  times  the  impact  on 
the  environment  as  an  Indian  so  that, 
■worked  out  in  terms  of  "Indian  equiv- 
alents", the  population  of  the  United 
States  is  equivalent  to  that  of  5,000 
million  Indians.  Thus  the  problem  of 
population  is  more  acute  in  developed 
than  in  developing  countries. 

We  must  consider  whether  it  is 
possible  for  the  planet  to  provide  food 
in  sufficient  quantities  to  sustain  the 
populations  that  are  forecast. 

Food  production  may  be  increased 
either  by  extending  the  area  under 
cultivation  or  by  intensifying  production 
on  existing  farmlands,  or  by  both. 
Current  FAO  programmes  concentrate 
on  Intensifying  production  on  existing 
farms. 

The  extension  of  agriculture  into 
marginal  lands  is  expensive  in  terms 
of  investment  and  produces  only  limited 
returns.  It  is  more  rational  to  direct 
such  capital  as  is  available  into  the 
improvement  of  existing  farming. 

Indeed,  the  amount  of  marginal  land 
available  for  agriculture  Is  severely 
limited  and  it  has  been  estimated  that 
if  the  required  Increases  In  food  pro- 
duction were  to  be  met  from  this  source 
alone,  the  reserves  of  land  would  be 
exhausted  within  a  decade  or  less-.  Of 
a  total  land  area  of  32.5  billion  acres 
estimates  Indicate  that  only  3  billion 
are  cultivated  at  the  present  time'.  Most 
of  the  world's  land  surface  is  occupied 
by  the  icecaps  and  permafrost,  deserts, 
forests  and  urban  and  industrial  areas. 
Sometimes  it  Is  suggested  that  the 
remaining  tropical  foiests.  In  Amazonia 
in  particular,  iTiight  be  cleared  to 
provide  agricultural  land.  It  is  unlikely 
that  such  schemes  could  be  luccessful, 
even  If  the  resources  were  available  to 
carry  them  out.  Experience  with  clear- 


ing primeval  forest  in  Central  America 
has  shown  that  the  removal  of  the 
climax  vegetation  triggers  an  erosion 
process  leading  to  desert.  The  process  is 
all  but  irreversible  for  organic  matter 
once  exposed  is  quickly  mineralised. 
The  unstable  lateritic  soils  of  Amazonia 
are  70  feet  thick  but  they  would  be  likely 
to  erode  very  quickly  if  they  were 
unprotected  against  the  equatorial  cli- 
mate, while  this  itself  would  certainly 
be  affected  by  the  removal  of  such  a 
large  area  of  forest.  When  Kruschev 
cleared  the  forests  in  Kazakhstan  for 
agriculture  he  left  a  dust  bowl  of  some 
30  million  acres,  an  area  equivalent  to 
the  entire  agricultural  land  area  of  the 
British  Isles. 

The  US  President's  Science  Advisory 
Committee  estimated  in  1967  that  the 
total  arable  and  potential  arable  land 
in  the  world  amounted  to  8  billion  acres. 
While  some  expansion  is  possible  it  is 
unlikely  that  the  resources  of  capital 
and  materials  can  be  made  available  to 
produce  more  than  minor  increases  in 
food  production  from  these  sources. 
There  is  little  marginal  land  remaining 
for  development  in  the  Soviet  Union, 
China,  Asia  or  Europe  and  extension 
of  farmlands  in  the  more  arid  regions 
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of  the  Middle  East  and  North  Africa 
would  require  new  sources  of  fresh  water 
for  irrigation  that  are  not  available  at 
present  and  will  not  be  within  the 
immediate  future.  It  Is  possible  that  the 
United  States  might  Increase  its  area 
under  cultivation  from  300  to  350 
million  acres'. 

In  fact,  it  is  likely  that  existing  agri- 
cultural land  will  be  reduced  as  demands 
for  urban  and  Industrial  development 
with  all  that  that  implies  in  terms  of 
roads,  airports,  railways,  etc.,  are  met. 
Between  1882  and  1952  the  total  land 
area  of  the  world  occupied  by  perma- 
nent buildings  has  increased  from  0.87 
billion  to  1.6  billion  hectares-.  This  will 
be  much  higher  if,  by  the  year  2000,  81 
per  cent  of  the  population  of  the 
developed  countries  and  43  per  cent  of 
the  population  of  developing  countries 
will  be  living  In  urban  areas  (Table  9). 

Beyond  a  certain  point,  which  varies 
with  cUmate  and  soil  type,  the  intensi- 
fication of  farming  causes  soil  deteriora- 
tion and  eventually  erosion.  This  Is 
already  a  problem  in  many  of  the 
developed  countries,  where  very  inten- 
sive farming  systems  have  been  imposed. 
The  extension  of  m.onocultural  arable 
farming,    the    heavy    use   of  artificial 


Changes  in  Land  Utilisation  1882-1952 

(In  billion  hectares)  (reproduced  from  G.  Borgstrom,  Too  Many) 


Per- 

Per- 

1888- 

Change 

Per- 

1882 

centage 

1952 

centage 

1952 

centage 

Forest 

5.2 

45.4 

3.3 

29.6 

-1.9 

-  36.8 

Desert  and 
wasteland 

1.1 

9.4 

2.6 

23.3 

-H.5 

-H40.6 

land 
Pastures 
Tilled  land 

0.87 

1.5 

0.86 

7.7 
13.4 
7.6 

1.6 
2.2 
1.1 

14.6 
19.5 
9.2 

-1-0.73 

-1-0.7 

-t-0.24 

4-1.27 

-1-  85.8 
-1-  41.9 
+  24.5 

9.5J 

83.5 

10.8 

96.2 

+  12.9 

Area  not 

especially 
utilised 

I.Sl 

16.5 

0.27 

3.8 

-1.54 
-0.27 

-  79.9 

Total 

11.34 

100 

11.07 

100 

—  2.4 

Source:  R.  R.  Doane,  1957.  World  Balance  Sheet  (Harper,  New  York). 


Table  10 

Quality  Classification  of  Tilled  Land 

1882  Percentage 

1952  Percentage 

Good 

Half  of  original  humus  lost 

Marginal  soils 

85.0 
9.9 

5.1 

41.2 
38.5 
20.3 

Source:  R.  R.  Doane.  he.  cit.  (reproduced  from  G.  Borgstrom,  Too  Many). 
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fertilisers,  the  use  of  heavy  machinery 
and,  in  other  areas,  overstocking  with 
farm  animals,  all  contribute  to  deterior- 
ation in  soil  structures,  leading  to  a  loss 
in  the  efficiency  of  drainage  systems  and 
in  the  effectiveness  with  which  soluble 
fertilisers  can  be  used.  In  this  situation 
irrigation  can  lead  to  problems  of  water- 
logging and/or  salinity,  while  the  over- 
consumption  of  groundwater  for  irriga- 
tion purposes  can  lead  to  a  lowering  of 
water  tables  that  may  compromise  the 
future  of  farming.  In  large  parts  of 
Texas,  for  example,  the  present  long 
drought  is  exacerbated  by  low  water 
tables  and  it  is  possible  that  farming  in 
Texas  may  have  to  be  abandoned  alto- 
gether. 

The  deterioration  of  soil  structure 
has  been  observed  in  Britain,  where 
stable  soils  and  a  temperate  climate 
provide  near-ideal  farming  conditions. 
In  more  severe  climates  and  on  poorer 
soils  erosion  is  likely  to  appear  more 
quickly  and  once  it  begins  it  could 
become  an  accelerating  process.  As  the 
poorer  lands  fail  the  pressure  on  the 
better  lands  will  increase,  so  tending 

Table  11 

World  Average  Rates  of  Increase  for  the  Period  1951-1966  for 
Selected  Aspects  of  Human  Activity  Related  to  Food  Prodactioo 


to  encourage  still  further  mtensification 
which  will  damage  soils  more  rapidly 
than  might  be  anticipated  (see  Table  10). 

Erosion  of  farmlands  in  some  areas  is 
associated  with  the  spread  of  deserts. 
In  1882  the  world  had  a  total  1.1  billion 
hectares  of  desert  and  wasteland.  In 
1952  the  area  had  Increased  to  2.6  billion 
hectares'  (see  Table  9). 

Given  that  demand  for  land  must 
increase  with  population  growth,  and 
that  populations  are  increasing  expo- 
nentiaUy,  and  assuming  that  the  per 
capita  requirement  of  land  is  0.4  hec- 
tares for  agricultural  purposes  and 
0.08  hectares  for  non-agricultural  pur- 
poses (a  low  estimate),  Meadows*  has 
shown  that  by  the  year  2000  the  land 
available  is  likely  to  have  decreased  by 
250  million  hectares,  while  the  demand 
will  have  increased  by  about  2.4  billion 
hectares,  and  that  somewhere  between 
1980  and  1990  the  demand  for  land  will 
exceed  the  supply.  Furthermore,  if 
yields  per  acre  were  to  double,  the 
effect  would  be  to  add  no  more  than 
30  years  to  the  world's  food  supply. 
Similarly  a  quadrupling  of  yield,  which 


Percentage* 


Food 

Traders 

Phosphates 

Nitrates 

Pesticides 


34 
63 
75 
146 
300 


Source:  Digested  from  United  Nations.  Siaiisiical  Yearbook.  1967  (reproduced  from  SCEP). 
»  Rates  in  constant  dollars.  ' 

Table  12 

Pesticides  Needed  to  Increase  Food  Prodactioo  on  Acreage  now  under 
Cultivation  in  Asia  (except  Mainland  China  and  Japan),  Africa,  aod 
Latin  America  by  the  Percentages  Indicated 


Percentage  of  Increase  in 
Agricultural  Production 


Tonnage  Needed 
(metric  tons) 


10 
20 
30 
40 
SO 
60 
70 
80 
90 
100 


130.000 
150,000 
195.000 
240,000 
285,000 
342.000 
402,000 
475,000 
558,000 
640.000 
720,000 


Source:  President's  Science  Advisory  Committee  (PSAQ,  1967  (reproduced  from  SCEP). 
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no  serious  person  would  consider 
possible,  would  add  only  60  years.  The 
net  demand  for  food,  then,  will  double 
every  30  years  and  it  can  be  satisfied  only 
by  doubling  yield  every  30  years. 

Britain  has  one  of  the  most  intensive 
farming  systems  in  the  world.  In  the  25 
years  since  the  end  of  World  War  II 
very  large  sums  of  money  have  been 
invested  in  technological  developments 
aimed  at  increasing  output  and  reducing 
the  requirement  for  labour.  Neverthe- 
less, when  the  effect  of  inflation  on 
farm  prices  is  taken  into  account,  the 
productivity  of  British  agriculture  has 
increased  by  only  35  per  cent  and  there 
is  good  reason  to  suppose  that  in  most 
major  products  yields  have  now  levelled 
off  and  in  some  they  are  declining. 
Short  of  major  technological  break- 
throughs in  plant  genetics  and,  possibly, 
the  introduction  of  entirely  new  con- 
cepts in  farming,  none  of  which  is  in 
sight  at  present,  it  is  extremely  unlikely 
that  agricultural  production  in  Britain 
can  achieve  further  significant  increases. 
It  is  not  possible  for  agriculture  in 
developing  countries  to  receive  the 
heavy  investments  that  British  agri- 
culture has  received  and  so  it  is  unlikely 
that  increases  in  production  can  be 
achieved  to  match  those  in  Britain. 
Even  if  they  were,  they  would  be  insuffi- 
cient, even  to  sustain  the  present 
inadequate  dietary  levels.  Although  the 
so-called  "Green  Revolution"  has  pro- 
duced important  improvements  locally, 
overall  the  world  food  situation  shows 
no  sign  of  improving,  and  there  seems 
little  chance  of  the  FAO's  targets  for 
1985  being  met. 

In  past  years  local  emergencies  have 
been  alleviated  by  the  provision  of  food, 
principally  grains,  from  world  stocks, 
which  have  been  held  mainly  in  North 
America.  These  stocks  have  been 
allowed  to  run  down  and  so  even  this 
"cushion"  is  lost. 

There  are  definite  biological  reasons 
for  the  limits  on  food  production. 
Plants  depend  on  a  complex  mixture  of 
inputs,  many  of  which  are  beyond  man's 
control.  Even  of  the  principle  require- 
ments— sunlight,  water  and  nutrients — 
it  is  only  nutrient  that  man  has  suc- 
ceeded in  manufacturing  and  supplying 
to  his  crops.  Fertiliser  use  is  subject  to 
diminishing  returns  beyond  certain 
levels  of  application  and  these  may  be 
much  lower  in  the  field  than  controlled 
experiment  under  near-laboratory  con- 
ditions would  suggest.  Thus  an  1 1  per 
cent  increase  in  the  agricultural  pro- 


371 


duction  in  the  United  States  between 
1949  and  1968  was  achieved  with  a  648 
per  cent  increase  in  the  use  of  nitrogen 
fertiliser  while  Britain's  35  per  cent 
increase  required  an  800  per  cent 
increase  in  nitrogen  fertiliser  consump- 
tion. The  consumption  of  pesticides  to 
control  the  effects  of  the  ecological 
imbalances  created  by  tlie  farming 
system  has  increased  also.  Between  1950 
and  1967  US  pesticide  consumption 
increased  by  267  per  cent  and  achieved 
a  5  per  cent  increase  in  total  crop 
yields". 

The  use  of  agrochemicals  on  a  large 
scale  makes  a  serious  contribution  to 
the  pollution  of  the  global  enviromnent. 
They  are  biologically  potent,  which  is 
why  they  are  used,  and  when  introduced 
at  random  into  the  environment  they 
interfere  with  living  processes.  Many 
pesticides  affect  the  central  nervous 
system  of  man,  they  may  interfere  with 
hormone  secretions  and  some  are 
known  to  be  carcinogenic  or  terato- 
genic. Under  certain  circumstances 
some  fertilisers  can  be  harmful  to  health 
and  by  forming  random  associations 
with  amines  present  in  the  environment, 
nitrites  can  become  nitrosamines,  which 
are  carcinogenic.  There  is  no  way  of 
knowing  the  extent  to  which  the 
environmental  carcinogen  and  mutagen 
loads  have  been  increased  because  it  is 
impossible  to  monitor  all  the  possible 
interactions  between  pollutant  and  pol- 
lutant and  between  pollutants  and  sub- 
stances present  naturally.  Pesticides 
that  are  persistent  accumulate  along 
food  chains,  so  depressing  predator 
populations  and,  in  the  long  run,  tend- 
ing to  encourage  increases,  rather  than 
decreases,  in  pest  populations.  Organo- 
chlorine  insecticides  are  particularly 
harmful  to  fish.  Excess  fertilisers  enter 
water  systems  where  they  contribute  to 
eutrophication  problems.  There  must 
be  an  upper  limit  to  the  tolerance  of  the 
ecosphere  to  pollution  from  agriculture. 

The  effectiveness  of  pesticides  is 
further  reduced  because  insects,  weeds 
and  micro-organisms  acquire  resistance 
to  them.  Such  resistance  is  based  on 
hereditary  characteristics  in  certain 
individuals  within  populations.  It  is 
transmitted  genetically  and  so  repeated 
application  leads  to  the  build-up  of 
a  resistant  pest  population  by  a  process 
similar  in  all  ways  to  natural  selection. 
Throughout  the  world  there  are  now 
some  250  species  of  insect  pest  that 
are  immune  to  most  insecticides'. 

In  common  with  most  organic  chemi- 


cals, pesticides  are  derived  from  petro- 
leum and  their  continued  production  is 
related  to  the  availability  of  petroleum 
or  of  an  alternative  source  of  raw 
materials,  although  any  alternative  is 
likely  to  be  more  expensive.  .Ml  agro- 
chemicals  consume  power  and  water  in 
their  production  and  the  availability 
of  cheap  sources  of  power  and  plentiful 
supplies  of  water  is  liking  to  limit  any 
increase  in  production. 

The  intensification  of  agriculture  in 
many  areas  of  the  third  world  would 
require  much  improved  systems  of 
transport  to  convey  fertiliser,  pesticides, 
machinery  and  seeds  in  and  food  out. 
It  is  doubtful  whether  the  capital  is 
available  to  develop  such  transport 
systems  or  the  fuel  to  power  them. 

It  is  unrealistic  to  suppose  that  there 
will  be  increases  in  agricultural  produc- 
tion adequate  to  meet  forecast  demands 
for  food,  and  the  notion  that  techno- 
logical inputs  can  be  made  available 
that  would  guarantee  a  doubling  of 
production  by  1980  and  a  further 
doubUng  by  2100  is  no  more  than 
fantasy.  Such  a  thesis  can  be  advanced 
only  by  "experts"  who  fail  to  take  into 
account  basic  ecological,  physical  and 
biological  principles,  or  who  are  not 
in  possession  of  all  the  relevant  infor- 
mation. 

The  intensification  of  agriculture 
cannot  prevent  famines  within  the  next 
1 5  to  20  years,  probably  affecting  parts 
of  Asia,  Africa,  the  Near  East  and  Latin 
America.  Indeed,  by  causing  further 
disruption  to  terrestrial  and  marine 
ecosystems  it  must  reduce  the  capacity  of 
the  planet  to  support  life. 

Attempts  to  increase  the  world's 
protein  availability  from  fisheries  show 
no  sign  of  solving  the  problem.  The 
seas  are  experiencing  serious  pollution 
which  may  be  undermining  the  phyto- 
plankton  that  form  the  base  of  the 
marine  biotic  pyramid,  and  they  may  be 
overfished.  In  1969,  for  the  first  time 
in  a  quarter  of  a  century,  total  fisheries 
production  did  not  increase,  owing  to 
poor  catches,  and  this  in  spite  of  heavy 
capital  imestment  by  the  developed 
countries.  Fishery  vessels  are  operating 
in  deeper  and  more  remote  waters  and 
owing  to  the  high  levels  of  investment 
in  ships  and  processing  plant  the 
developed  countries,  which  are  also  the 
major  fishing  nations,  are  irrevocably 
committed  to  increasing  yields  by  a  large 
factor  within  a  very  short  space  of  time. 
In  their  efforts  to  do  so  there  is  Uttle 
reason  to  suppose  that  they  will  not  so 


deplete  fish  stocks  that  within  a  decade 
or  so  the  contribution  of  fisheries  to 
world  food  supplies  will  reduce  rather 
than  increase.  If  there  is  a  temporary 
increase,  little  of  this  will  benefit  the 
developing  countries  which  by  and 
large  cannot  afford  to  participate  in 
such  a  heavily  capitalised  operation. 
At  present  less  than  20  per  cent  of  the 
world's  total  catch  of  sea  and  fresh  water 
fish  is  consumed  within  the  third  world. 

APPENDIX  D 

Non-renewable 
resources 

Introdaction 

For  the  purposes  of  this  discussion, 
non-renewable  resources  are  divided 
into  two  types :  metals  and  fuels. 

Metals 

The  1 6  major  metals  we  are  concerned 
with  are: 

Silver  (Ag) 

Aluminium  (bauxite)  (Al) 

Gold  (Au) 

Cobalt  (Co) 

Chromiimi  (Cr) 

Copper  (Cu) 

Iron  (Fe) 

Mercury  (Hg) 

Manganese  (Mn) 

Molybdenum  (Mo) 

Nickel  (Ni) 

Lead  (Pb) 

Platinum  (Pt) 

Tin  (Sn) 

Tungsten  (W) 

Zinc  (Zn) 

As  can  be  seen  from  the  chart  on  p.7, 
at  present  rates  of  consimiption  all 
known  reserves  of  these  metals  will  be 
exhausted  within  l(X)  years,  with  the 
exception  of  six  (aluminium,  cobalt, 
chromiiun,  iron,  magnesium  and  nickel). 
However,  if  these  rates  of  consumption 
continue  to  increase  exponentially  at 
the  rate  they  have  done  since  1960,  then 
all  known  reser\'es  will  be  exhausted 
within  50  years  with  the  exception  of 
only  two  (chromium  and  iron) — and 
they  will  last  for  only  another  40  years! 

Of  course  this  is  by  no  means  the 
whole  picture:  there  will  be  new 
discoveries  and  improvements  in  mining 
technology,  and  we  can  turn  to  recycl- 
ing, synthetics,  and  substitutes.  It  should 
be  obvious,  however,  that  recycling, 
although    a    necessary    and    valuable 
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expedient  in  a  stable  economy,  cannot 
supply  a  rising  demand  (it  is  not  a 
source  of  metals,  merely  a  means  of 
conserving  them);  while  synthetics  and 
substitutes  cannot  be  imagined  into 
production,  but  must  be  made  from  the 
raw  materials  available  to  us,  those 
most  suitable  being  themselves  in  short 
supply.  Petroleum,  for  example,  from 
which  many  valuable  synthetic  polymers 
are  derived,  will  run  out  within  the 
lifetime  of  those  born  today  and  will 
probably  be  increasingly  scarce — and 
correspondingly  expensive — from  about 
the  year  2000.  Improvements  in  mining 
technology  will  be  necessary  in  any  case 
if  we  are  to  make  use  of  the  lower  grades 
of  ore  that  will  be  the  only  ones 
available  to  us  as  reserves  are  depleted. 
However,  exponential  increases  in  con- 
sumption will  inevitably  lead  to  a 
situation  in  which  grades  decline  much 
faster  than  technology  is  improved  and 
costs  will  therefore  soar.  Similarly,  as 
William  W.  Behrens'  has  shown,  the 
dynamic  of  exponential  growth  will 
considerably  reduce  the  lifetime  of  new 
discoveries.  For  example,  even  if  reserves 
of  iron  (which  has  a  relatively  long 
lifetime)  are  doubled,  they  will  stave  off 
exhaustion  for  only  another  20  years. 
Thus,  given  present  rates  of  usuage  and 
the  projected  growth  of  those  rates,  most 
raw  materials  will  be  prohibitively 
expensive  within  about  100  years. 
Political  difficulties  will  arise  well  before 
then — as  indeed  they  are  beginning 
to  do  in  the  case  of  oil. 

As  Preston  Cloud-  has  pointed  out, 
the  extra  iron,  lead,  zinc  and  so  on, 
necessary  to  raise  the  level  of  consump- 
tion of  the  3,400  million  non-Americans 
to  that  of  their  fellows  in  the  United 
States  is  from  100  to  200  times  present 
annual  production — and  although  this 
would  be  exceptionally  difficult  to 
achieve,  it  is  paltry  compared  with  the 
problem  of  providing  an  equivalent 
standard  of  consumption  for  the  doubl- 
ing of  world  population  projected  for 
40  years'  time.  And  yet  we  in  the 
industrial  countries  expect  our  consump- 
tion of  metals  to  go  on  rising  and  at  the 
same  time  lure  the  non-industrial 
countries  with  promises  that  they  too 
can  have  "wealth"  like  ours! 

Only  those  acrobats  of  the  imagina- 
tion who  argue  that,  come  what  may, 
technology  will  find  a  way,  believe  that 
problems  such  as  these  can  be  solved 
in  any  way  save  a  diminution  of 
consimiption.  In  particular,  they  are 
confident  that  the  abundance  of  cheap 
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energy  they  assure  themselves  will  be 
available  in  the  near  future  will  enable 
us  to  extract  the  metals  present  in 
ordinary  rock  and  in  seawater.  Yet 
energy  is  already  very  cheap  (compris- 
ing only  4.6  per  cent  of  the  world's 
total  industrial  production  by  value)', 
while  the  real  limit  on  such  enterprises 
is  likely  to  be  not  energy  but  the  fragility 
of  ecosystems.  For  example,  the  ratio  of 
unusable  waste  to  useful  metal  in 
granite  is  at  least  2,000 :  1 ,  so  that  the 
mining  of  economic  quantities  of  metals 
from  rock  or  seawater  will  very  quickly 
burden  us  with  impossible  quantities 
of  waste. 

Energy 

The  bulk  of  our  energy  requirements 
today  is  met  by  fossil  fuels,  which  hke 
metals  are  in  short  supply.  At  present 
rates  of  consumption,  known  reserves 
of  natural  gas  will  be  exhausted  within 
35  years,  and  of  petroleum  within  70 
years.  If  these  rates  continue  to  grow 
exponentially,  as  they  have  done  since 
1960,  then  natural  gas  will  be  exhausted 
within  14  years,  and  petroleum  within 
20.  Coal  is  likely  to  last  much  longer 
(about  300  years),  but  the  fossil  fuels 
in  general  are  required  for  so  many 
purposes  other  than  fuel — pesticides, 
fertilisers,  plastics,  and  so  on — that  it 
would  be  foohsh  to  come  to  depend  on 
it  for  energy*. 

Recognition  of  this  has  led  to  the 
present  emphasis  on  nuclear  fission  as  a 
source  of  energy.  However,  the  only 
naturally  occurring,  spontaneously  fis- 
sionable source  of  energy  is  uranium 
235,  and  this  is  likely  to  be  in  extremely 
short  supply  by  the  end  of  the  century'. 
Accordingly,  the  future  of  nuclear 
power  rests  with  the  development  of 
complete  breeding  systems.  Breeder 
reactors  use  excess  neutrons  from  the 
fission  of  uranium  235  to  convert  non- 
fissionable  uraniimi  238  and  thorium 
232  into  fissionable  plutonium  239  and 
uranium  233  respectively.  Their  suc- 
cessful development  will  mean  that 
man's  energy  needs  will  probably  be 
met  for  the  next  1.000  years  or  so, 
during  which  time  it  is  hoped  that 
deuterium-deuterium  fusion  can  be 
developed — which  will  provide  us  with 
virtually  unlimited  energy. 

Because  the  successful  development 
of  breeder  reactors  in  time  to  take  over 
from  fossil  fuels  is  possible,  it  may  be 
that  fuel  availability  will  not  be  a 
limiting  factor  on  growth.  This  means 
nothing,  however,   since  shortages  of 


other  resources  and  pollution  by  radio- 
active by-products  and  waste  heat 
will  quickly  prevent  the  continued 
expansion  of  energy  consumption.  Since 
radioactive  pollutants  have  been  dealt 
with  in  the  appendix  on  ecosystems, 
we  will  here  consider  only  waste  heat. 

Every  use  of  energy  always  produces 
waste  heat.  Power  stations  "solve"  the 
problem  of  heat  production  either  by 
using  large  amounts  of  coohng  water,  or 
to  a  lesser  extent,  air.  The  disadvantage 
of  the  former  method  is  that  if  the 
heated  water  is  returned  to  source  it 
damages  the  aquatic  ecosystem,  and  if 
it  is  evaporated  into  the  atmosphere  the 
source  is  considerably  depleted.  The 
disadvantage  of  the  latter  method  is  that 
because  air  temperatures  are  higher 
than  those  of  water,  the  thermodynamic 
efficiency  of  the  power  station  is  much 
reduced. 

Efficiency  is  a  great  problem.  In  the 
US,  electricity  provides  10  per  cent  of 
the  power  actually  used  by  the  consu- 
mer, but  accounts  for  26  per  cent  of 
gross  energy  consumption.  Earl  Cook' 
has  calculated  that  at  present  rates,  by 
the  year  2000  electricity  will  provide 
25  per  cent  of  "consumer-power"  and 
account  for  between  43  and  53  per  cent 
of  gross  energy  consumption.  At  that 
point,  half  the  energy  produced  will  be 
in  the  form  of  useful  work  and  half  in 
the  form  of  waste  heat  from  power 
stations. 

Even  if  we  ignored  the  waste  heat 
from  power  stations,  that  produced  by 
the  actual  consumption  of  electricity 
will  quickly  call  a  halt  to  growth.  For 
example,  in  the  US  in  1970,  heat  from 
that  source  amounted  to  an  average  of 
0.017  watts  per  square  foot,  and 
Claude  Summers'  has  calculated  that  if 
consumption  continues  to  double  at 
the  present  rate,  within  only  99  years, 
after  10  more  doublings,  the  average 
will  be  17  watts  per  square  foot — 
compared  with  the  average  of  18  or 
19  watts  the  US  receives  from  the  sun! 
Clearly,  well  before  this  point  energy 
consumption  will  be  limited  by  the  heat- 
tolerance  of  the  ecosphere. 
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[From  the  Ecologist.  March  1972] 
A  Blueprint  fob  StiBvivAL 

COMMENTS 

From  Sir  Julian  Huxley,  FRS 

Sir  :  I  am  glad  that  the  Ecologlst  has  published  A  Uneprint  for  Survival,  and 
hope  that  its  message  will  be  widely  heeded,  not  only  by  individuals,  but  by  local 
councils  and  the  government. 

Having  been  interested  in  the  conservation  of  nature  and  wildlife  for  60  years, 
having  helped  to  establish  national  parks  both  in  East  Africa  and  Britain,  and 
having  campaigned  for  population  control  for  over  half  a  century,  I  naturally  find 
myself  in  agreement  with  your  Blueprint  and  the  conclusions  to  be  drawn  from  it. 

In  those  60  years  a  great  deal  has  been  accomplished.  Much  wildlife,  both  plant 
and  animals,  and  much  glorious  scenery  have  been  saved  for  public  enjoyment. 
Family  planning  and  population  control  are  now  the  concern  of  many  governments 
and  of  the  U.N.  and  its  agencies.  Britain  now  has  a  Ministry  of  the  Environment, 
and  most  Western  nations  are  taking  steps  to  curb  overpopulation. 

Yet  the  situation  is  graver  than  ever,  mainly  because  of  the  continued  increase 
of  the  population. 

Even  in  our  little  island,  nearly  half  a  million  human  beings  are  added  every 
year.  More  people,  more  pollution,  more  cars,  more  sprawling  cities,  more 
congestion. 

I  hope  that  we  shall  take  action,  not  merely  against  pollution,  but  against  the 
unchecked  increase  in  human  numbers. 

Instead  of  paying  couples  more  for  increased  families,  we  should  at  least 
reduce  family  allowance  for  each  child  after  the  second.  Or  we  could,  as  India 
has  shown,  reward  people  who  allow  themselves  to  be  sterilized.  Britain  should 
formulate  and  implement  a  population  policy,  officially  aiding  family  planning 
and  advertising  the  dangers  of  further  increase  in  numbers ;  the  United  Nations 
should  do  the  same  for  the  world,  where  higher  rates  of  increase  in  developing 
countries  are  widening  the  gap  between  their  prosperity  and  that  of  the  richer 
nations. 

We  should  of  course  take  further  steps  to  prevent  haphazard  invasion  of  what 
is  left  of  our  unspoilt  countryside,  by  unregulated  building,  and  should  prohibit 
mining  and  other  commercial  activities  in  national  parks  and  areas  designated 
as  of  outstanding  beauty. 

Above  all  we  should,  by  all  means  at  our  command,  make  it  clear  to  the  inhabit- 
ants of  this  planet,  that  it  is  urgent  to  reduce  the  increase  of  population. 

Julian  Huxley,  F.R.S. 


From  Prof.  C.  H.  Waddington,  FRS 

Sib  :  I  think  the  Blueprint  for  Survival  is  quite  right  to  argue  that  we  cannot 
sustain  indefinitely  a  policy  of  growth,  when  growth  is  defined  in  the  terms  such 
as  GNP  as  used  at  present ;  and  that  the  alternative  must  be  a  social  system 
which  has  built  into  it  much  more  stability  in  the  form  of  self-correcting 
mechanisms,  both  for  the  system  as  a  whole  itself  and  for  its  component  sub- 
systems. However.  I  want  to  emphasize  that  this  should  not  be  taken  as  a  call 
for  a  simple  return  to  nature,  a  lowering  of  the  real  standard  of  living  and  a 
regression  to  less  sophisticated  technology.  To  design  and  put  into  operation  self- 
stabilizing  social  and  productive  mechanisms  will  demand  a  deeper  understand- 
and  a  more  sophisticated  technology,  than  anything  we  have  at  present.  The 
recycling  of  wastes  is  more  demanding  of  intellectual  and  practical  understanding 
than  merely  throwing  them  away.  To  control  pests  and  improve  crop  yields 
by  biological  control,  and  to  find  a  means  of  improvement  of  yield  which  co- 
operate with,  rather  than  merely  swamp,  the  natural  ecosystem,  is  a  more  sophisti- 
cated job  than  merely  to  poison  the  pests  and  dump  fertilizer  indiscriminately 
over  the  cultivated  surface. 

Moreover,  the  standard  of  living  should  be  measured  in  real  terms,  which  take 
account  of  the  major  values  of  life,  such  as  happy  social  relations ;  social  secu- 
rity :  leisure,  and  the  means  to  enjoy  it,  such  as  education,  sport  and  creative 
activities  of  many  kinds.  It  is  clear  that  growth  of  these  values  can.  and  should, 
continue  for  many  generations,  even  though  in  order  to  achieve  this  we  may  have 
to  restrain  the  growth,  as  it  is  assessed  today  in  such  crude  indices  as  the  GNP. 

The  real  message  of  the  Blueprint  for  Survival  is  not  back  to  a  time  which  is 
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simpler  because  it  is  more  primitive  and  less  sophisticated':  it  is  rather  forward  to 
a  time  which  is  simpler  because  it  is  more  integrated  and  more  sophisticated. 
Yours  faithfully, 

Prof.  C.  H.  Waddington,  CBE,  FRS, 
Professor  of  Animal  Genetics,  University  of  Edinburgh. 


From  Prof.  D.  Gabor,  FRS 

It  so  happened  that  1  have  read  the  leader  in  Nature  of  January  14.  "The  Case 
Against  Hysteria,"  betore  your  "Blueprint  for  Survival."  Somewhat  to  my  sur- 
prise, I  could  not  detect  in  it  any  signs  of  hysteria.  It  is  a  reasoned  statement 
of  facts,  of  a  goal  whose  desirability  few  i^ople  can  dispute,  and  of  a  plan 
cautiously  phased  out  over  100  years,  with  provisions  for  learning  from  ex- 
perience. I  do  not  agree  with  all  its  recommendations  and  conclusions.  I  would 
not  advocate  a  power  tax,  because  the  increasing  scarcity  of  high  concentrates 
of  certain  rare  materials  will  force  us  to  use  more  energy  for  extraction,  and  with 
Alvin  Weinberg  I  believe  that  atomic  powerplants  need  not  be  dangerous  pol- 
luter.s.  Instead  of  a  raw  materials  tax  I  would  rather  give  positive  incentives  for 
recycling.  I  consider  units  of  500  people  as  much  too  small  for  the  development 
of  a  high  civilization.  I  would  prefer  to  see  small  towns,  with  all  cultural  ameni- 
ties, numbering  inhabitants  of  the  order  of  50,000.  But  these  are  small  differences 
of  opinion,  matters  of  quiet  discussion. 

Wliy  then  the  violent  backlash,  which  deserves  the  adjective  hysterical  far 
more  than  your  "Blueprint"?  The  attack  against  the  environmentalist  started.  I 
think,  with  Anthony  Crosland's  article  which  accused  them  of  elitism  and  con- 
trasted them  with  the  simple  people  who  wanted  jobs,  not  beauty,  and  sunshine 
with  fish  and  chips  in  Alallorca.  Why  the  more  recent  insinuations  against  the 
Club  of  Rome,  and  the  unconditional  rejection,  by  the  Establishments  at  both 
sides  of  the  Atlantic,  of  the  pioneer  work  of  Jay  Forrester  and  Dennis  Meadows? 
I  have  said  long  ago  that  growth  addiction  was  the  creed  of  our  times,  but  it 
wa.s  a  .surprise  even  to  me  that  it  had  the  intensity  of  a  fanatical  religion. 

My  advice  to  you  is :  do  not  respond  to  heated  attacks  with  increased  heat.  I 
was  very  glad  to  see  that  Paul  Ehrlich  does  not  figure  among  your  references ; 
keep  away  from  such  doubtful  allies.  Let  the  discussion  simmer  down  from  the 
emotional  to  the  intellectual  level.  Truth  will  win  in  the  end. 

Dennis  Gaboe, 


From  Sir  Geoffrey  Vickcrs 

Sir :  Thank  you  for  sending  me  your  "Blueprint  for  Survival."  I  like  this  even 
better  on  second  reading. 

The  ecological  analysis  is  most  cogent  and  comprehensive ;  you  have  done  a 
most  useful  job  in  bringing  all  this  together.  I  fiill  agree  with  your  anaylsis  of 
the  self-exciting  and  therefore  self-limiting,  if  not  self -destructive  character  of 
the  governmental-entrepreneurial  system  and  the  economics  which  goes  with  it 
and  supports  its  assumptions.  I  have  .some  reservations  on  the  social  analysis. 
But  my  main  criticism  is  that  you  seem  to  me  unduly  to  mute,  if  not  to  misread 
some  of  the  political  implications. 

Obviously  the  policy  includes  everything  most  hateful,  at  least  in  the  short 
run.  to  government,  business  and  trade  unions — shrinking  tax  base,  falling  rev- 
enues, higher  costs,  shrinking  markets,  more  work,  lower  wages,  eroded  diffcL'- 
entials,  lower  GDP.  The  only  current  "goal"  in  the  programme  is  reduced  unem- 
ployment, through  the  encouragement  of  labor-intensive  industry.  This  is  im- 
portant and  will  become  more  so  if,  as  I  expect  the  present  expansive  policy  comes 
to  be  recognized  as  incompatible  with  other  than  rising  unemployment.  But  even 
your  promise  of  lower  unemployment  looks  like  being  realized  more  slowly  than 
the  corresponding  costs. 

So  it  won't  be  easy  to  get  it  accepted  by  both  political  parties,  industry  and 
the  trade  unions.  But  given  that  you  do.  I  ask  -myself,  among  other  questions — 

1.  How  could  you  implement  it  without  starting  a  major  recession  (and  having 
abjured  in  advance  most  of  our  present  controls,  such  as  they  are)  ? 

2.  How.  whilst  implementing  it,  could  we  remain  sufficiently  competitive  in 
international  markets.  (It  would  obviously  lie  absurd  to  wait  imtil  everyone  else 
has  agreed,  especially  since  many  other  countries  can  afford  to  wait  muich  longer ; 
and 

3.  Would  fiscal  measures  be  enough  to  boost  labour  intensive  industry  quickly 
enough,  and  if  not,  what  are  the  alternatives  and  supplements? 
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There  are  answers  of  a  sort  to  all  these  qulestions,  though  some  of  them  would 
go  best  with  Fidel  Castro  as  prime  minister  and  Dr.  Schacht  at  the  Treasury — 
I  choose  two  names  for  which  I  have  high  respect — and  I  won't  begin  to  elaborate. 
But  two  points  seem  to  me  to  be  clear;  these  changes  postulate  an  ideological 
revolution  and  a  strong  central  government. 

To  bring  this  country  from  its  present  state  to  a  stable  state,  I  think, 
require  centralized  control  at  least  as  strong  and  far  more  extended  than  in  the 
last  war.  Then  we  had  rationing  of  essentials,  the  virtual  discontinuance  of 
luxuries,  direction  of  labour  and  extensive  control  of  incomes,  prices,  wealth  and 
land  use.  Some  of  these  would  be  more,  some  less  needed.  But  I  see  no  chance 
that  greater  physical  dispersal  would  mean  greater  devolution  of  political  power. 
There  would  indeed  be  much  for  local  government  to  do,  even  more  than  now. 
But  the  weight  of  decision  and  control  at  the  center  would  surely  be  much  in- 
creased. (How  else,  for  example,  could  yoiir  prosperous  local  communities  sup- 
port the  starving  ones  or  arrange  to  share  limited  and  therefore  probably  licensed 
imports  ? ) 

Such  a  society  may  be  highly  democratic,  highly  participatory  and  socially 
well-knit.  It  will  only  work — and  only  happen — if  everyone  is  frightened  by 
events  and  prospects  into  an  enormously  enhanced  level  of  responsibility,  which 
will  be  expressed  both  in  accepting  centralized  control  and  in  implementing  it 
at  grass  roots  level,  as  in  the  war  farmers-implemented  agricultural  policy  and 
housewives  implemented  rationing.  And  for  the  same  reason  there  may  well  be, 
as  there  was  in  the  war,  more  humanity,  mutual  help  at  the  personal  level,  social 
intercourse,  community  spirit  and  mutual  trust,  including  trust  of  government 
and  its  officials.  But  I  think  the  paper  plays  down  the  blood,  sweat,  and  tears  to 
an  extent  which  may  make  it  (or  its  authors)  sound  a  bit  unrealistic. 

I  shall  be  glad  to  help  in  any  way  I  can. 
Youi"s  sincerely, 

Sir  Geoffeky  Vickers, 
Little  Mead,  Goring-on-Thames,  Reading  RG8  9ED. 


[From  the  Ecologist,  April  1972] 
A  Blueprint  for  Survival 

comments 
From  Sir  Eric  Ashby,  F.R.S. 

Sir  :  The  "Blueprint"  contains  some  statements  which  are  incorrect  and  some 
assertions  which  are  not  justified  by  the  facts.  But  to  dismiss  the  message  of 
the  "Blueprint"  because  of  these  shortcomings  (deplorable  though  they  are) 
would  be  mere  pedantry.  If  it  deserves  censure  over  style  and  content,  it  de- 
serves, too,  the  respect  due  to  sincerity  and  courage. 

The  dispute  between  those  who  support  the  "Blueprint  for  Survival"  and  those 
who  reject  it  is  a  dispute  about  means,  not  ends.  Everyone  who  has  thought 
about  the  future  of  the  environment  agrees  that  exponential  growth  of  popula- 
tion and  consumption  of  nonrenewable  materials  (like  fossil  fuels  and  metals) 
cannot  continue  indefinitely  ;  it  follows  that  everyone  agrees  that  growi:h  of  these 
two  must  flatten  out. 

The  dispute  is  about  two  issues:  (a)  How  will  this  flattening  out  occur?  and 
(b)  How  can  people  be  made  aware  that  it  is  going  to  occur,  and  adjust  their 
values  accordingly? 

Those  who  support  the  "Blueprint"  believe  that  the  phase  of  flattening  out 
will  be  accompanied  by  a  collapse  of  Western  society  unless  people  deliberately 
and  consciously  revise  their  whole  scale  of  values,  abandon  urban  life,  and  re- 
organize themselves  into  small  labor-intensive  communities.  The  technique  for 
achieving  this  end — according  to  these  supporters  is  to  create  a  state  of  anxiety 
among  the  public  about  what  will  happen  if  they  do  not  revolutionize  their  style 
of  life  and  reduce  their  consumption  of  goods  and  services. 

Those  who  reject  the  "Blueprint"  do  not  deny  that  this  change  of  values  will 
occur,  but  they  believe  that  the  transition  will  be  more  stable  if  it  is  not  delib- 
erately engineered  (by,  for  example  an  authoritarian  regime)  but  is  left  to  the 
homeostatic  mechanisms  which  have  operated  in  society  for  thousands  of  years. 
Thus,  supplies  of  fossil  fuels  will  not  disappear  suddenly  any  more  than  supplies 
of  timber  did ;  their  increasing  scarcity  will  put  up  their  cost  and  oblige  societies 
to  adapt  their  style  of  life  to  low-energy  needs.  Populations  will  not  be  reduced 
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by  decree,  but  by  the  increasing  difficulties  of  supporting  large  families ;  and  so 
on. 

The  "Blueprint"  calls  for  an  orchestrated  overall  plan  to  compel  people  to 
adapt  themselves  to  live  in  equilibrium  with  nature.  Opponents  of  the  "Blueprint" 
do  not  believe  that  overall  plans  of  this  kind  ever  have  been  realistic  or  feasible 
even  for  single  nations,  let  alone  the  whole  world ;  and  they  are  convinced  that 
attempts  to  carrj'  out  such  plans,  by  propaganda  or  compulsion  would  fail,  and 
leave  despair  and  bitterness  in  their  wake.  But  these  opponents  do  not  deny 
that  change  must  occur.  Their  alternative  is  the  prescription  of  William  Blake 
(one  of  the  pioneers  of  conservation)  ;  to  achieve  change  not  through  sweeping 
rhetoric  but  "in  minute  particulars" ;  encouraging  recycling  and  innovation 
which  conserA-es  re.sources,  diminishing  the  amount  of  pollution  per  unit  product, 
and  diverting  much  greater  technological  effort  from  superfluous  consumption 
to  minimizing  the  impact  of  man  on  his  environment.  Both  parties  to  the  dispute 
are  likely  to  agree  about  some  of  the  practical  measures  which  are  needed  (some 
device  to  ration  scarce  raw  materials,  for  instance ) .  The  opponents  of  the  "Blue- 
print" want  to  negotiate  the  transition  to  a  steady-state  economy  by  means  of 
thousands  of  small  adaptations,  not  necessarily  articulated  into  one  grand  pro- 
gram. Those  who  support  the  "Blueprint"  want  a  grand  program. 

Neither  course  will  be  painless.  Some  tragedy  is — in  my  belief — inevitable.  My 
preference  for  change  through  minute  particulars  is  simply  that  this  is  the  way 
societies  have,  with  great  benefit  to  the  common  man,  adapted  themselves  for 
centuries  to  the  consequences  of  their  own  impact  on  the  en^dronment.  And  this 
adaptation  continues.  Two  centuries  of  careless  exploitation  in  Britain  is  now 
being  succeeded  by  a  phase  of  genuine  concern  and  massive  expenditure  to  make 
amends  for  the  past.  The  priorities  of  society  are  already  changing.  I  prefer 
to  let  this  process  of  adaptation  proceed  at  its  natural  pace  (with  all  the  risks 
which  this  undoubtedly  involves),  rather  than  subscribe  to  a  comprehensive 
Blueprint  which — unless  enforced  by  autocracy — is  unlikely  to  get  further  than 
the  drawing  board. 

Sir  Eric  Ashby,  F.R.S. 
Chairman,  Royal  Commission  on  Environmental  Pollution. 


From  Rt.  Rev.  Hugh  Montefiore 

Sir  :  You  were  kind  enough  to  show  me  a  draft  of  "A  Blueprint  for  Survival" 
for  comment  before  it  reached  its  final  form :  some  of  the  comments  that  follow 
I  made  then,  and  some  proceed  from  further  reflection.  I  said  then,  and  I  repeat 
now,  that  I  warmly  welcome  the  whole  enterprise,  and  I  am  in  general  agree- 
ment with  its  practical  recommendations.  Nothing  that  follows  should  over- 
shadow this  fundamental  accord,  both  on  principles  and  on  measures  that  need 
to  be  taken.  Of  the  points  that  I  want  to  make,  some  are  comparatively  trivial, 
but  others,  as  I  believe,  point  to  fundamental  inadequacies  both  in  the  analysis 
and  in  the  remedies  proposed.  Most  of  them  are  to  be  found  in  my  Rutherford 
lecture.  "Doom  or  Deliverance?"  (MUP  1972)  48  p. 

Mineral  Resources 
On  page  7  of  the  "Blueprint"  a  diagram  is  reproduced  showing  mineral  re- 
serves, both  static  and  exponential.  On  page  41  there  is  an  appendix  on  non- 
renewable resources  (which,  strangely,  excludes  the  good  earth).  No  evidence 
is  given  for  the  statements  about  the  mineral  reserves  that  remain.  Since  diminu- 
tion of  resources  plays  a  large  part  in  the  main  argument  of  the  thesis,  it  is 
essential  to  prove  statements  about  mineral  reserves  by  reference  to  acknowl- 
edged authorities. 

Economic  dislocation 

The  process  of  industrial  and  commercial  "rationalisation"  is  largely  re- 
sponsible for  the  increase  of  unemployment  in  this  country  over  the  1  million 
mark.  A  transfer  from  flow  to  stock  economics  is  likely  to  cause  far  more  dis- 
location. In  paragraph  244  it  is  stated,  in  connection  with  measures  proposed, 
that  "naturally  the  full  force  of  such  measures  could  not  be  allowed  to  operate 
immediiitely  :  they  would  have  to  be  carefully  graded  so  as  to  be  effective  without 
causing  unacceptable  degrees  of  social  disturbance".  This  vague  statement  needs 
translating  into  economic  reality.  In  paragraph  267  the  accusation  is  denied  that 
"we  are  willing  to  bring  about  the  collapse  of  industry,  widesi)read  unemploy- 
ment and  the  loss  of  our  export  market."  But  I  would  like  to  hear  an  economist 
asking  and  answering  the  question.  Is  it  possible  to  make  this  transition  with- 
out great  dislocation  and  huge  unemployment?  I  would  like  to  hear  a  politician 
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telling  us  what  would  be  the  maximum  acceptable  degree  of  social  disturbance ; 
and,  most  important  of  all,  I  would  like  to  hear  a  political  philosopher  think- 
ing aloud  about  the  ethics  involved  in  deliberately  causing  present  pain  and 
suffering  and  dislocation  in  order  to  promote  the  future  well-being  of  future 
citizens. 

National  Imbalances 
In  almost  all  countries  of  the  world,  there  is  a  huge  imbalance  between  the 
standard  of  material  living  enjoyed  by  its  richest  and  poorest  citizens.  This  im- 
balance is  only  tolerable  to  the  poorer  citizens  because  of  their  expectation  that 
their  material  standard  of  living  will  rise,  and  probably  rise  proiwrtionately 
more  than  that  of  the  richer  citizens.  If  however,  the  predictions  of  the  "Blue- 
print" are  correct,  there  will  be  a  ceiling  to  the  nation's  material  standard  of 
living.  The  section  of  the  "Blueprint"  concerned  with  "creating  a  new  social 
system"  does  not  so  much  as  mention  the  present  imbalance,  nor  does  it 
contemplate  any  measures  to  redress  it ;  yet  it  is  likely  that  this  would  be  as 
politically  necessary  as  it  is  morally  desirable. 

International  Imbalance 

Here  I  can  best  quote  from  my  own  Rutherford  Lecture :  "The  finiteness  of 
our  global  resources  and  the  impossibility  of  bringing  them  up  to  those  enjoyed, 
say,  in  the  Western  world,  raises  in  acute  form,  the  question  of  their  equitable 
distribution.  In  a  situation  of  perpetual  growth  this  problem  is  partly  obscured 
by  the  rising  standard  of  living  in  poor  countries.  Where  overall  growth  slows 
down  or  ceases,  the  moral  problem  of  the  different  living  standards  in  rich  and 
poor  countries  becomes  even  more  acute.  Already  the  difference  between  them  is 
enormous,  and  it  is  growing  ...  If  the  developing  countries  thought  that  one 
day  they  could  catch  up,  this  might  be  just  tolerable.  But  now  we  know  for  cer- 
tain that  the  world  could  not  sustain  that  Idnd  of  standard  of  living  among  all 
its  inhabitants.  The  case  for  redressing  the  balance  is  overwhelming,  especially 
on  a  Christian  view."  ("Doom  or  Deliverance?"  Manchester  Universitv  Press 
1972.  p.  15ff.) 

This  subject  surely  should  be  a  matter  of  major  concern  in  "A  Blueprint  For 
Survival",  but  it  is  not  mentioned. 

International  Agreement 

The  "Blueprint"  assumes  the  inevitability  of  international  agreement :  a  more 
realistic  appraisal  would  view  it  rather  as  an  improbability.  As  these  words  are 
being  written,  it  is  uncertain  whether  or  not  the  Eastern  bloc  may  withdraw 
from  the  U.N.  Conference  on  the  Human  Environment  this  summer  on  account 
of  some  convention  of  international  politics  by  which  Eastern  Germany  is  not 
yet  a  member  of  the  U.N.  although  she  will  be,  all  being  well,  shortly  after  the 
conference.  National  loyalties  and  rivalries  are  terribly  strong :  and  yet  there 
must  be  international  agreement  to  put  the  blueprint  into  effect,  since  ecological 
problems  are  world-wide,  and  if  one  country  reduces  its  pollution,  or  produces 
(e.g.)  a  car  suitable  for  leadless  petrol,  it  will  price  itself  out  of  the  export 
market,  unless  others  do  the  same.  We  cannot  go  it  alone. 

Regionalism 
The  "Blueprint"  rightly  stresses  the  need  for  regionalism,  so  that  commiuiities 
may  be  broken  down  into  smaller  more  autonomous  and  more  meaningful  units. 
But  nowwhere  is  the  contrast  faced  between  the  desire  on  the  one  hand  for  re- 
gionalism and  the  necessity  on  the  other  hand  for  larger  units,  or  at  least  larger 
accord  between  units,  in  order  to  guarantee  the  right  priorities  in  agriculture, 
production  and  pollution. 

Ethical  Criteria 
The  "Blueprint"  does  not  raise  the  real  ethical  principles  underlying  the  need 
to  change  our  way  of  life.  What  duty  do  we  owe  to  posterity  and  why?  What 
right  have  we  to  use  the  resources  of  the  world  as  we  wish  and  when  we  wish? 
What  are  man's  duties,  other  than  self-interest,  towards  the  world  of  nature, 
both  organic  and  inorganic,  living  or  sentient?  Are  its  authors  working  on  an 
unexpressed  utilitarian  ethic  or  what? 

The  Behaviourist  Fallacy 

The  "Blueprint"  tells  us  of  many  things  that  man  ought  to  do,  but  never  seems 
to  suggest  that  there  will  be  much  diflBculty  in  persuading  men  to  do  them. 
But  man  is  capable  of  greed  just  as  much  as  goodness ;  and  he  finds  change 
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particularly  difficult  to  absorb.  Underlying  the  "Blueprint"  is  the  suggestion  that 
if  only  the' conditions  are  right,  if  we  evolve  a  new  social  system,  man  will  be- 
have in  the  kind  of  way  that  he  should.  This  is  a  fallacy.  Not  even  education  is 
sufficient  to  change  long  inherited  tendencies  toward  acquisitiveness  and  greed. 
What  is  needed  is  something  akin  to  religious  conversion ;  an  emotional  shock 
affecting  the  very  ground  of  man's  being,  in  which  he  finds  himself  responsible 
to  one  whose  goodness  and  grace  sustains  the  cosmos  in  being ;  a  true  perspective 
in  which  he  sees  this  world  not  as  an  end  in  itself  but  in  the  perspective  of 
eternity ;  a  sense  of  the  holiness  of  all  created  things,  sustained  by  the  "Spirit 
of  God,"  so  that  to  abuse  the  created  order  is  to  grieve  the  "Holy  Spirit  of  God" 
himself.  Man  needs  a  profound  inner  reorientation  if  he  is  to  co-operate  with 
his  environment  in  a  new  and  stable  kind  of  ecosystem.  He  needs  to  use  his  God- 
given  dominion  over  nature  is  a  way  consonant  with  his  nature  as  created  in 
the  image  of  God,  that  is  to  say,  in  a  way  that  is  divinely  responsive  and  respon- 
sible. Without  this  change  there  can  be  no  implementation  of  the  "Blueprint  for 
Survival."  The  present  signs  of  coming  eco-catastrophe  are  the  outer  symptoms 
of  an  inner  spiritual  malaise  ;  and  because  the  "Blueprint"  misses  this  vital  truth, 
it  is  sadly  inadequate.  The  positive  program  that  it  puts  forward  is  heartening 
and  hopeful ;  but  unless  man  can  find  the  will  to  implement  it,  it  will  remain 
a  mere  aspiration. 

The  "Blueprint."  in  defining  the  goal,  would  do  well  to  consider  the  nature  of 
happiness  and  the  way  man  can  find  it  Is  it  suflScient  merely  to  state  the  goal 
of  "providing  a  way  of  life  psychologically,  intellectually  and  e-sthetically  more 
satisfying  than  the  present  one?"  (paragraph  354).  Or  is  happiness  better  de- 
scribed in  the  Beatitudes  of  Jesus? 
Yours  sincerely, 

The  Right  Reverend  Hugh  Montefioke, 

Bishop  of  Kingston-on-Thames. 


[From  the  Washington  Post,  Dec.  20,  1972] 

A  WoED  OF  Warning 

(Reviewed  by  Samuel  Mines)  ^ 

"Blueprint  for  Survival."  By  the  editors  of  The  Ecologist :  Edward 
Goldsmith,  Robert  Allen,  Michael  Allaby,  John  Davoll  and  Sam 
Lawrence. 

This  relatively  slim  volume  is  an  impressive  storehouse  of  information  on  the 
pragmatic  aspects  of  the  environmental  situation.  In  short,  it  deals  unemotion- 
ally, and  in  an  admirably  terse  clipped  style — wasting  no  words  on  appeals  to 
humanity's  finer  instincts — with  what  needs  to  be  done  if  we  are  to  avoid  turning 
the  planet  into  a  clinker. 

Compressing  more  solid  fact  into  every  page  than  the  vast  majority  of  far 
bulkier  books,  this  style  is  all  the  more  wondrous  for  being  a  sort  of  committee 
job — the  work  of  five  editors  of  the  British  magazine.  The  Ecologist.  Although 
based  on  material  from  the  magazine,  this  is  an  American  edition  and  readers 
will  find  many  references  to  the  American  situation  and  very  few  to  the  British. 

There  are  other  reasons  for  this  anyway.  As  the  most  affluent  nation  in  the 
world,  we  use  the  largest  share  of  the  world's  energy  and  resources  and  create 
the  most  waste  ;  hence  we  are  contributing  most  to  the  lifestyle  which  has  brought 
us  to  the  present  brink. 

If  there  is  a  lingering  doubt  in  your  mind  that  we  are  in  an  environmental 
pickle — in  view  of  some  backlash  from  people  who  should  know  better,  yet  have 
arisen  in  public  print  with  cries  that  environmentalists  are  hysterical — "Blue 
print  for  Survival"  should  put  that  doubt  to  rest  very  nicely  and  provide  a  small 
clammy  feeling  of  fear  as  well.  I  think  it  is  the  very  absence  of  hand  wringing 
that  does  it — just  the  cold  marshaling  of  fact  and  the  well-known  British  under- 
statement. "If  current  trends  are  allowed  to  persist,  the  breakdown  of  society 
and  the  irreversible  disruption  of  the  life-support  systems  on  this  planet,  pos- 
sibly by  the  end  of  the  century,  certainly  within  the  lifetimes  of  our  children, 
are  inevitable."  No  maybes. 


1  The  reviewer  is  the  author  of  "The  Last  Days  of  Mankind." 
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The  book  is  in  three  parts.  Part  1,  the  program,  deals  with  the  need  for  change 
and  the  strategy  for  a  stable  society.  Part  2  assembles  in  crisp  review  the  evi- 
dence that  our  ecosystem  is  being  destroyed.  Part  3  contains  the  goal,  subtitled 
"A  Legacy  of  Hope."  Which  indicates  some  optimism  after  all,  although  you 
may  be  thoroughly  chilled  by  the  time  you  get  there. 

The  authors'  preface  and  the  introduction  by  Paul  Ehrlich  give  credit  to  Do- 
nella  and  Dennis  Meadows  for  their  Massachusetts  Institute  of  Technology-based  | 

study,  The  Limits  to  Groicth,  published  earlier  this  year,  the  first  statistical 
paper  to  put  a  finger  on  the  calendar  and  say,  "This  is  the  jumping-off  place." 
The  Meadows  study,  sponsored  by  the  Club  of  Rome,  has  been  wildly  praised 
and  furiously  attacked,  but  never,  to  my  knowledge,  actually  refuted.  "Blue- 
print's" intention  is  to  go  on  from  where  Limits  to  Groicth  stopped.  It  utilizes 
a  lesser  known  but  highly  prestigious  MIT  study  called  SCEP — The  Study  of 
Critical  Environmental  Problems. 

The  SCEP  report  coined  the  phrase  "ecological  demand,"  which  it  defines  as  a 
"summation  of  all  man's  demands  on  the  environment,  such  as  the  extraction  of 
resources  and  the  return  of  wastes."  The  most  convenient  measure  of  ecological 
demand  is  the  gross  domestic  product  (GDP),  or  popvilation  multiplied  by  the 
material  standard  of  living.  According  to  the  United  Nations  Statistical  Year- 
book for  1968,  GDP  is  increasing  annually  by  5  or  6  percent,  doubling  every 
13.5  years. 

Population  is  increasing  worldwide  by  2  percent  a  year,  adding  72  million  an- 
nually to  the  current  3.6  billion.  However,  in  undeveloped  countries,  which  con- 
tain two-thirds  of  the  world's  population,  the  growth  rate  is  higher,  between 
2  and  3  percent,  and  nearly  half  the  population  is  under  15.  Even  if  the  birth 
rate  drops  to  the  replacement  level  by  the  year  2000  in  the  developed  world,  and 
by  2040  in  the  developing  world,  population  will  stabilize  itself  about  100  years 
from  now  at  nearly  15.5  billion,  or  more  than  four  times  the  present  size.  Mean- 
while, with  the  United  States  alone  aiming  at  a  growth  rate  of  4  percent  in  gross 
national  product,  the  implication  of  disaster  is  unavoidable. 

The  real  villain  is  exponential  growth,  the  darling  of  the  chambers  of  com- 
merce, and  which  MIT  Prof.  Jay  Forrester  labels  "treacherous  and  misleading." 
As  an  example :  if  our  total  world  re.serves  of  petroleum  are  2,100  billion  barrels 
and  our  rate  of  consumption  is  increasing  by  6.9  percent  a  year,  by  1975  we  would 
have  used  only  12.5  percent  of  the  supply  and  could  easily  be  lulled  into  a  false 
sense  of  security.  But  only  15  years  later  we  would  reach  the  jumping-off  point ; 
demand  would  have  exceeded  supply. 

There  is  an  old  story  illustrating  the  treachery  of  exponential  growth  which 
concerns  itself  with  lily  pads  in  a  pond.  If  the  pads  double  their  coverage  each 
day  and  a  calculation  shows  that  they  would  take  30  days  to  fill  the  pond,  as 
late  as  the  29th  day  the  pond  would  still  be  only  half  full.  The  situation  would 
hardly  appear  extreme.  Yet  one  more  day  and  it  is  all  over. 

This  is  the  crisis  of  the  environment.  It  won't  look  bad  until  it  is  all  over. 
The  trouble  with  the  exponents  of  growth  is  that  they  visualize  a  world  of 
15  billion  people  all  with  the  same  material  standard  of  living  as  the  United 
States.  Actually,  even  the  United  States  cannot  afford  its  present  standard  with- 
out milking  the  rest  of  the  world. 

Having  hammered  home  the  central  message  and  buttressed  it  with  fact  and 
figure,  "Blueprint"  turns  to  the  plan  for  a  stable  society.  The  principal  conditions 
of  a  stable  society,  or  one  that  can  be  maintained  indefinitely,  are  minimum  dis- 
ruption of  ecological  processes  ;  maximum  conservation  of  materials  and  energy  ; 
zero  population  growth;  and  a  new  social  system  in  which  the  individual  can 
enjoy,  rather  than  feel  restricted  by,  the  preceding  conditions. 
The  necessary  changes  may  occur  through  seven  operations  : 

a  control  operation  to  reduce  environmental  disruption  by  technical  means  ; 
a  freeze  operation  to  halt  present  trends  ; 

an  asystemic  substitution  of  less  dangerous  procedures  for  present  dan- 
gerous ones ; 

a  systemic  substitution  by  which  the  technical  substitutions  are  themselves 
replaced  by  "natural"  or  self-regulating  ones  : 

the  discovery  of  alternative  technologies  to  conserve  energy  and  materials  : 
decentralization  of  the  economy  and  polity  with  the  formation  of  many 
small  communities  rather  than  a  few  large  ones  ; 
education  for  such  communities. 
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The  calm  assumption  that  all  this  must  and  should  be  done  is  undoubtedly 
enough  to  make  engineers,  industrialists,  and  urban  planners  go  bananas.  Replace 
our  present  huge  metropolitan  centers  by  many  small  communities?  How?  Retrain 
millions  of  people  in  new  liinds  of  work?  Bring  back  the  small  family  farm  when 
the  trend  is  all  in  the  opposite  direction  and  the  small  farmer  is  succumbing  to 
the  mechanized,  computerized  syndicate  farms? 

"Blueprint"  acknowledges  that  the  shift  to  small  communities  is  the  most 
radical  change  proposed  in  the  book  and  this  is  an  understatement,  British  or 
any  other  kind.  It  is  a  change,  I  am  inclined  to  think,  which  could  only  happen 
as  a  result  of  complete  breakdown  of  the  present  system,  or  a  devastating  holo- 
caust like  a  nuclear  war.  In  that  case  there  might  be  a  few  small  communities 
left,  to  start  over,  or  there  might  not.  What  particular  cataclysm  the  authors 
expect  to  provide  the  impetus  toward  decentralization  they  do  not  say,  but  they 
insist  that  small  communities  are  the  only  ones  in  which  internal  or  systemic 
controls  are  most  likely  to  operate  effectively. 

The  quarrel  here  is  between  the  pragmatists  who  say  this  is  Utopian  nonsense 
and  the  ecologists  wiio  say  Utopia  it  may  be,  but  any  other  course  is  suicide,  so 
Where's  the  choice? 

A  book  as  tightly  organized  as  "Blueprint"  and  so  crammetl  with  solid,  close- 
knit  reasoning  is  impossible  to  dissect  and  to  describe  with  enough  examples  to 
give  something  of  its  flavor.  There  is  just  too  much.  The  temptation  to  quote 
arises  on  every  page  and  would  lead  in  the  end  to  quoting  the  entire  work. 

If  the  environment  problem  disturbs  and  concerns  you.  if  you  are  not  pacified 
by  the  backlash  arguments,  or  by  those  who  insist  that  conservationists  must 
come  up  with  viable  alternatives  if  their  warnings  are  to  be  seriously  considered, 
this  is  your  book.  It  will,  at  least,  provide  ample  ammunition  for  the  inevitable 
arguments  about  the  imminence  of  doomsday. 


How  To  LrvE  With  Economic  Growth 
(Some  safety  devices  to  ward  off  doomsday  by  Henry  C.  Wallich) 

Almost  suddenly,  it  seems,  the  once  positive  word  "growth"  has  taken  on  dark, 
disturbing  connotations.  Various  voices,  some  of  them  hard  to  ignore,  have  warned 
us  that  continued  worldwide  growth  will  lead  to  a  hell  of  degradation  and 
collapse. 

Such  a  warning  was  sounded  early  this  year  in  The  Limits  to  Growth,  by  a 
team  of  systems  analysts  at  M.I.T.  The  authors  used  a  computer  model  of  the 
"world  system"  to  trace  out  alternative  futures  under  various  assumptions.  Three 
of  the  scenarios,  all  grim,  are  represented  in  the  charts  at  the  right.  In  the  sec- 
ond aind  third  charts,  it  is  assumed  that  virtually  unlimited  nuclear  power  greatly 
Increases  available  resources.  ( Since  the  five  variables  in  each  chart  are  measured 
in  different  units,  no  significance  should  be  read  into  the  height  of  one  curve 
relative  to  another  curve  in  the  same  chart. ) 

Computer  modeling  of  this  kind  lends  an  air  of  rigor  and  precision  to  projec- 
tions that  actually  involve  far  from  rigorous  suppositions.  But  it  would  be  unwise 
to  disregard  the  findings  on  the  account.  The  soft  pudding  of  suppositions  encloses 
a  steely  core  of  truth.  The  earth  is  finite,  and  therefore  the  growth  of  both  popu- 
lation and  physical  output  must  eventually  cease. 

The  policy  implications,  however,  are  far  from  clear.  Despite  the  precision  of 
the  computer  tracings,  there  is  uncertainty  about  timespans.  What's  more,  coop- 
erative global  action  to  suppress  growth  cannot  be  considered  a  real  possibility. 
And  in  a  still-growing  world  it  is  very  hard  to  make  a  case  that  zero  economic 
growth  is  the  best  policy  for  any  particular  society. 

In  this  article,  economist  Henry  C.  Wallich  of  Yale  University  maps  a  course 
between  do-nothing  and  stop-everything.  A  former  member  of  the  Council  of  Eco- 
nomic Advisers,  Professor  Wallich  argues  that,  if  we  let  it  work,  the  price  system 
can  provide  powerful  safeguards  against  the  hazards  of  growth.  Fortunately,  the 
measures  he  advocates  would  also  help  protect  the  qualify  of  life  here  and  now — 
a  bit  of  cheer  in  an  area  that  can  certainly  use  some. 
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The  recent  warnings  about  the  risks  of  growth  present  a  troubling  dilemma. 
Are  the  risks  so  grave  that  we  must  stop  growing  in  the  near  future?  Should  we 
ignore  the  risks,  on  the  assumption  that  the  ecologists  have  vastly  exaggerated 
them?  Given  the  stakes,  the  choice  looks  awesome.  Fortunately,  there  is  a  way  of 
avoiding  the  need  to  make  the  choice. 

The  prospects  of  running  out  of  food,  living  space,  or  raw  materials,  of  suffo- 
cating or  collapsing  by  one  computerized  sequence  or  another,  can  be  debated  till 
doomsday,  whenever  that  may  be.  Rather  than  accept  an  answer  that  may  be 
wrong  or  inconclusive,  we  can  guard  against  the  harmful  effects  of  economic 
growth  by  installing  appropriate  safety  devices.  If  the  critics  of  growth  are  right 
in  thinking  that  ultimate  limits  are  only  a  few  generations  away  (to  me  this 
seems  unlikely),  these  safety  devices  would  slow  the  economic  system  in  the  near 
future  and  bring  it  to  a  halt  in  good  time.  If  the  critics  are  wrong,  the  devices  will 
not  impede  growth,  but  will  monitor  the  economy  for  adverse  effects  of  growth. 

The  safety  devices  I  have  in  mind  taike  the  form  of  an  extended  version  of  the 
price  system.  The  price  system  can  be  made  to  function  as  an  automatic  pilot, 
or  sensor  for  an  emergency  brake,  that  will  stop  growth  when  the  costs  become 
too  high. 

THE    ROAD    TO    A    STANDSTILL 

An  enterprise  grows  so  long  as  it  can  produce  goods  for  less  than  it  sells  them 
for.  It  will  have  a  positive  return  on  capital  and  will  continue  to  invest  in  planf 
and  equipment.  If  costs  rise  to  the  point  where  expansion  does  not  pay,  the  return 
on  capital  vanishes,  investment  stops,  and  the  enterprise  ceases  to  grow. 

By  generating  these  simple  cases,  economiS'ts  many  years  ago  arrived  at  a 
model  of  the  "stationary  state."  This  is  the  economy  that  has  ceased  to  grow, 
where  the  processes  of  production  and  consumption  repeat  themselves  year  after 
year  within  significant  change.  The  stationary  state  is  not  the  implau.sible 
construction  of  some  lonely  imagination.  It  is  the  logical  end  product  of  a  process 
in  which  enterprises  keep  endowing  each  worker  with  a  greater  and  greater 
volume  of  tools.  The  law  of  diminishing  returns  then  sees  to  it  that  investment 
earnings  gradually  decline.  When  returns  to  capital  have  come  to  an  end,  a 
state  of  zero  growth  begins. 

WHO  PAYS   FOB    DEGRADATION? 

The  faster  costs  increase,  the  faster  returns  on  capital  diminish.  If  an  enter- 
prise has  to  invest  heavily  in  pollution-abating  equipment,  if  it  has  to  pay  more 
for  increasingly  scarce  raw  materials  and  increasingly  costly  land,  the  point 
of  zero  return  approaches  rapidly.  But  if  research  and  development  succeed  in 
pushing  that  point  into  the  future,  growth  continues. 

If,  therefore,  we  are  concerned  about  the  dangers  of  growth,  we  should  let 
these  dangers  find  expression  in  costs.  This  is  the  principle  of  internalizing 
the  "externalities" — the  pollution  and  other  costs  of  growth  that  are  now  borne 
by  the  community.  Degradation  of  air,  water,  or  land  rests  lightly  upon  the 
company  that  does  not  have  to  pay  for  it.  It  rests  lightly,  too.  upon  the  con- 
sumer of  the  company's  products  if  he  is  not  charged  for  the  environmental 
costs. 

Concern  over  such  externalities  has  increased  as  the  environment's  capacity 
to  diffuse  them  has  diminished.  Critics  of  the  free-enterprise  system  have  found 
externalities  a  welcome  addition  to  their  repertory  of  proofs  that  the  market  sys- 
tem is  defective.  They  are  right  in  demanding  that  these  costs  be  taken  into 
account  in  deciding  what  should  be  produced,  and  in  what  ways.  But  their 
indictment  of  the  price  system  backfires,  because  further  examination  reveals 
that  the  best  way  of  internalizing  environmental  costs  is  precisely  to  apply 
the  price  system. 

The  simple-minded  reaction  to  the  affront  of  pollution  is  to  prohibit  it.  No 
need  then  to  bother  with  internalizing  environmental  costs.  The  diflSculty  with 
this  approach  is  that  it  sets  up  all  the  wrong  motivations  and  is  inefficient  to  boot. 
Confronted  with  edicts  and  regulations,  polluters,  have  every  reason  to  prove  that 
they  cannot  help  what  they  are  doing.  Different  polluters  find  that  their  costs 
of  abatement  differ  unfairly  and  uneconomically.  Perfection,  moreover,  is 
inordinately  expensive.  I  doubt  very  much  that  many  people  would  be  willing  to 
pay  what  it  would  cost  to  restore  the  waters  around  Manhattan  to  the  condition 
in  which  Henry  Hudson  found  them. 
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LICENSE   TO   POLLUTE 

The  price  system  sets  up  the  right  motivations.  Let  people  pollute,  but  let 
them  pay  for  it.  Environmentalists'  indignation  about  "licenses  to  pollute"  is 
misplaced.  The  price  of  a  license  can  be  set  at  any  level,  and  it  can  be  set  high 
enough  to  achieve  any  standard  of  cleanliness  that  is  wanted.  Given  the  cost, 
the  polluter  then  has  a  full  range  of  choices — pollute  and  pay.  stop  iwUuting  by 
stopping  production,  invest  in  antipollution  equipment,  change  his  production 
process,  his  product,  his  location.  Each  polluter,  in  other  words,  can  work  out  his 
own  optimum  response,  depending  on  his  circumstances.  This  freedom  to  optimize 
makes  for  equity  and  eflSciency. 

Setting  the  right  level  of  tax  or  fee  will  present  some  difficulties,  to  be  sure. 
For  one  thing,  the  response  of  the  polluters  to  any  particular  level  cannot  be 
predicted  with  certainty.  To  the  economist,  the  logical  approach  would  be  to 
set  the  permissible  level  of  emissions,  discharges,  and  other  damages  and  then 
auction  off  licenses  to  pollute  to  the  highest  bidders.  Those  who  find  pollution 
the  cheapest  of  all  available  alternatives  will  pay  what  it  takes  to  get  the 
licenses  they  need.  The  rest  will  reform  in  some  manner.  But  setting  fixed  prices 
on  pollution,  through  a  trial-and-error  process,  will  accomplish  the  same  results 
in  time. 

If  the  level  of  pollution  is  to  be  kept  constant,  standards  of  cleanliness  will 
have  to  rise  as  the  economy  grows.  The  process  of  cleaning  up  is  an  unending 
race  between  the  number  of  sources  of  pollution  and  the  reduction  in  pollution 
per  source.  Since  costs  accelerate  as  100  percent  purity  is  approached,  the  out- 
come of  this  race  has  much  to  do  with  how  far  growth  can  go. 

Business  spokesmen  often  argue  that  subsidies  of  some  sort,  such  as  tax  credits 
or  easy  financing  for  antipollution  equipment,  would  be  a  more  promising 
approach  than  taxation.  And  according  to  a  respectable  theorem  of  economics, 
a  tax  and  a  subsidy,  both  designed  to  encourage  cutbacks  of  production  that 
pollutes,  will  have  equivalent  effects  on  the  level  of  output.  (To  the  polluter  who 
does  not  cut  back,  the  loss  of  the  subsidy  is  the  same  as  a  tax.)  But  in  the  long- 
run  the  effects  are  not  the  same:  a  tax  tends  to  drive  companies  out  of  the 
industry,  a  subsidy  tends  to  attract  them. 

Subsidies  of  particular  forms  of  pollution  control,  moreover,  tend  to  restrict 
the  scope  of  the  polluters'  search  for  alternative  solutions.  A  tax  credit  for  anti- 
pollution equipment,  for  instance,  does  nothing  to  encourage  shifts  to  non- 
polluting  processes.  Nor  does  it  offer  an  incentive  to  keep  the  equipment  oper- 
ating once  it  has  been  installed.  Since  the  costs  of  operation  often  are  consider- 
able, the  results  of  a  subsidy  .system  might  disappoint  its  advocates.  On  the 
other  hand,  tax  credits  for  general  R.  <&  D.  would  not  interfere  with  flexibility 
of  business  response. 

CHANGING   THE   OUTPUT   MENU 

For  the  sake  of  both  fairness  and  efficiency,  it  is  important  to  tax  the  pollu- 
tion and  not  the  product.  This  is  the  answer  to  the  demand  that  the  Government 
intervene  on  a  grand  scale  to  revise  the  output  menu.  In  the  view  of  those  who 
favor  such  intervention,  one  way  to  defuse  the  dangers  of  growth  is  to  shift 
toward  forms  of  output  that  throw  off  less  pollution  and  make  fewer  demands 
on  natural  resources.  From  this  viewpoint,  lug  artifacts  are  worse  than  small. 
Fa.shion  products  are  worse  than  indestructil)les.  Advertising  that  increases 
consumer  demands  is  bad  altogether.  Work  generating  income  and  output  is  worse 
than  leisure. 

Such  conclusions  involve  vast  oversimplification.  Big  cars  can  be  made  to 
pollute  less  than  small  (and  to  be  safer).  Big  objects  made  of  plastic  may  require 
less  use  of  .scarce  resources  than  smaller  objects  made  of  metal.  Advertising  may 
promote  environmentally  sound  goods  and  services.  Built-in  obsolescence  may 
encourage  innovation. 

Taxing  pollution  rather  than  products  allows  freedom  for  all  this.  In  a  very 
broad  .sense,  however,  pollution  taxes  will  tend  to  shift  the  structure  of  output 
toward  its  low-pollution  components. 

Any  method  of  internalizing  external  costs  -will  require  some  intervention  by 
the  political  process.  Decisions  have  to  be  made  about  admissible  levels  of  pollu- 
tion and  of  resource  use.  The  minority  that  is  outvoted  by  the  majority  must 
accept  .something  it  does  not  want — for  example,  cars  that  are  more  expensive, 
or  less  efficient,  than  the  market  would  have  produced  if  left  to  its  own  devices. 
The  sweet  free-market  simplicity  of  voting  with  dollars  will  have  been  adul- 
terated. But  the  environmental  imperative  will  have  been  dealt  with  at  the  least 
possible  cost. 
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The  political  process  can  serve  to  backstop  internalization  in  still  another  way. 
To  make  people  pay  for  the  damage  they  do  is  the  efficient  way,  but  it  is  also 
sophisticated,  and  it  will  not  always  have  adequate  political  supiwrt.  To  rally 
that  support,  some  measure  of  direct  inten-ention,  through  regulations,  controls, 
and  prohibitions,  will  probably  be  needed.  These  techniques,  moreover,  may  have 
marginal  advantages  in  cases  where  fine  tuning  of  the  constraints  on  pollution  is 
called  for.  Pollution  taxes  should  cut  evenly  across  the  board,  the  fewer  exemp- 
tions the  better,  but  evenness  may  entail  some  unfairness  in  special  circum- 
stances. Detailed  regulation  can  provide  relief  from  si)ecial-case  hardship. 

VIRTUES    IN    HIGHER    PRICES 

The  reason  we  have  only  recently  become  aware  of  the  need  to  internalize 
environmental  damage  is  that  until  recently  it  was  not  necessary  to  regard  air, 
water,  and  waste-disposal  sites  as  .scarce  resources.  Their  use,  or  misase,  did  not 
have  to  be  paid  for,  and  therefore  did  not  enter  into  business  cost  calculations. 
On  the  other  hand,  scarce  natural  resources  such  as  raw  materials  and  fuels  have 
always  been  internal  to  business  cost  calculations.  Accordingly,  one  is  tempted 
to  assume  that  the  price  system  can  and  will  take  care  of  the  danger  of  "running 
out  of  natural  resources,"  which  plays  such  a  prominent  part  in  doomsday 
theology. 

To  deal  with  resource  shortages,  the  price  system  can  activate  an  impressive 
array  of  mechanisms.  When  some  resource  becomes  more  and  more  scarce,  say 
copper  ore,  its  price  rises  and  the  system  responds.  The  working  of  lower 
grade  ores  now  becomes  economically  feasible.  Search  for  new  ore  bodies  becomes 
profitable.  So  does  recycling,  as  well  as  substitution  of  other  metals,  and  the 
application  of  research  to  all  these  techniques.  Where  none  of  these  alternatives 
avails,  products  containing  copper  will  become  more  expensive  and  demand  for 
them  will  decrease. 

How  well  these  processes  work  dei>ends  in  large  measure  on  how  well  the 
supply  and  the  demand  respond  to  price.  It  depends  also  on  what  economists  call 
the  elasticity  of  substitution — that  is,  the  extent  to  which  a  relative  increase  in 
the  price  of  copper  turns  users  to  substitutes. 

In  a  long  view,  the  working  of  the  adjustment  processes  also  depends  on  how 
far  the  price  .system  is  able  to  look  ahead.  The  threat  of  a  coming  shortage  of  a 
metal  or  mineral  should  be  reflected  in  its  price.  The  increase  in  price  would 
activate  response  mechanisms  and  give  them  the  long  lead  they  sometimes  need. 

We  know,  of  course,  that  the  prices  of  most  natural  resources  today  do  not 
reflect  expectations  of  future  shortages.  The  historical  evidence,  indeed,  tells  us 
that  the  cost  of  most  natural  resources  has  been  declining  in  terms  of  the  capital 
and  labor  required  to  make  them  available.  Past  predictions  of  shortages  and 
steep  price  increases  have  so  far  proved  erroneous.  Numerous  studies  of  future 
resource  needs  and  availabilities  envision  no  general  shortages  for  the  next 
50  years.  ( See  the  article  on  page  109. ) 

It  is  vinsurprising,  therefore,  that  prices  of  raw  materials  today  do  not  reflect 
future  shortages.  Nevertheless,  we  cannot  be  sure  whether,  given  the  prospect 
of  shortages  at  some  future  time,  the  price  system  would  in  fact  respond  with 
sufficient  foresight. 

THE    LOW    VALUE   OF   THE    FUTURE 

Various  factors  besides  human  fallibility  suggest  that  it  might  not.  To  invest 
today  in  resources  to  l)e  marketed  many  years  later  is  a  risky  business.  New 
technologies,  new  discoveries,  shifts  in  demand  may  upset  the  estimates.  A  cor- 
poration holding  potential  output  ofE  the  market  in  expectation  of  higher  prices 
in  the  distanct  future  would  be  exposed  to  risks  of  adverse  taxation,  expropria- 
tion, and  other  acts  of  God  and  man.  Discounted  at  high  interest  rates,  in  any 
event,  the  present  value  of  the  future  is  not  very  high.  All  this  offers  a  presump- 
tion, at  least,  that  the  price  system  may  be  slow  in  responding  to  threatened  re- 
source scarcities  in  the  future. 

This  presumption  may  not  be  strong  enough  to  call  for  large-scale  Government 
action  to  conserve  resources  across  the  board.  A  "raw-materials  tax,"  such  as  that 
recently  proposed  by  some  British  environmentalists,  woiild  be  an  assault  on  the 
economies  of  the  developing  countries,  with  minimal  justification  in  the  existing 
supply  situation.  But  if  the  visible  picture  should  change,  a  resource  tax  might 
serve  to  strengthen  the  price  system  for  its  job  of  con.serving  resources.  It  would 
contribute  to  internalizing  the  resource-depletion  cost  of  growth,  just  as  pollution 
taxes  internalize  the  pollution  cost. 
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For  the  time  being,  all  that  seems  needed  is  to  put  an  end  to  some  Government 
policies  that  are  positively  hostile  to  good  resource  management.  The  political  bias 
is  usually  on  the  side  of  lower  resource  prices.  In  the  field  of  public-utility  regula- 
tion, this  bias  has  been  broadly  appropriate  because  Government  action  has  been 
directed  toward  preventing  the  exploitation  of  monopoly.  Cost  is  the  proper  basis 
for  public  control  of  utility  rates.  But  Government  commits  an  elementary  error 
when — as  in  the  case  of  natural  gas  regulation — it  applies  cost  reasoning  to  a 
price  that  really  reflects  scarcity  rather  than  monopoly.  The  natural  gas  shortage  jj 
is  now  demonstrating  the  consequences  of  not  allowing  the  price  system  to  do  *' 
its  job.  And  the  recent  decision  of  the  Federal  Power  Commission  to  permit  a  little 
slack  in  the  regulatory  leash  may  be  a  sign  of  incipient  wisdom. 

The  oil-depletion  allowance,  like  capital-gains  treatment  for  timber  and  certain 
minerals,  occupies  an  ambiguous  .spot  in  the  resource-conservation  picture.  If  one 
anticipates  a  future  shortage,  it  makes  good  sense  to  encourage  the  search  for  oil. 
But  it  does  not  make  good  sense  to  encourage  heavy  use  of  oil.  What  seems  called 
for  is  a  policy  that  encourages  creation  of  reserves  while  di.scouraging  use.  Heavy 
current  use  seems  appropriate  only  if  one  expects  new  sources  of  power  to  make 
oil  obsolete  before  most  of  it  is  out  of  the  ground,  a  fate  more  likely  to  befall  coal 
than  oil. 

Examples  of  bad  resource  policy  abound.  The  Government  encourages  possible 
overuse  by  the  way  in  which  it  sells  or  leases  mineral  rights.  It  discourages  re- 
cycling of  materials  by  maintaining  special  low  freight  rates  for  lumber  and  min- 
erals. Its  stockpile  program,  national  security  aspects  aside,  tends  to  reflect  the 
needs  of  the  moment  more  than  those  of  the  long-run  future. 

A  constructive  public  policy  toward  R.  &  D.,  public  and  private,  would  be  part 
of  good  resource  management.  In  the  field  of  natural  resources  even  more  than  in 
the  field  of  pollution,  research  is  needed  to  aid  the  price  system  in  promoting  the 
right  kinds  of  adjustments  and  substitutions.  A  well-meaning  Government  will  be 
subject  to  temptation  to  support  re.search  only  in  particular  fields  and  for  par- 
ticular purpo.ses.  Given  the  unpredictable  nature  of  much  research,  and  the 
tendency  for  findings  in  widely  different  areas  to  interact,  this  temptation  should 
be  resisted. 

CROWDED    CITIES,     EMPTY     SPACES 

The  economics  and  politics  of  land  represent  a  special  aspect  of  the  natural- 
resource  problem.  Land  is  broadly  fixed  in  supply,  assuming  we  do  not  plan  to  go 
underground  or  build  a  second  floor  over  the  United  States.  Here  again,  the  price 
system  does  not  offer  complete  assurance  of  being  able  to  take  care  of  the  situa- 
tion. 

As  people  move  into  an  urban  area,  real  estate  prices  and  rents  go  up.  Those 
who  do  not  want  to  pay  the  price  can  move  elsewhere.  So  can  those  who  feel 
asphyxiated  by  the  congestion.  But  there  is  something  unsatisfactory  about  a  sys- 
tem that  imposes  added  costs  upon  a  large  number  of  people  to  satisfy  the  pref- 
erence of  one  individual — in  this  case,  a  preference  for  city  life,  or  for  the  higher 
pay  available  in  cities.  In  most  other  market  situation  where  the  added  demand 
of  one  person  raises  the  price  to  all.  the  higher  price  calls  forth  a  larger  supply. 
In  the  case  of  city  land,  however,  the  supply  does  not  increase  as  rents  rise. 

A  good  deal  of  evidence  has  accumulated  that  the  price  system,  if  not  intrinsi- 
cally inappropriate,  is  at  lea.st  .substantially  inefficient  in  dealing  with  regional 
crowding.  It  appears  that  population  movement  responds  to  rising  rents  and 
rising  congestion  only  with  very  long  time  lags.  To  some  extent  these  costs  of 
urban  living  are  off.set  by  higher  pa.v.  Discrimination,  moreover,  keeps  some  black.s 
who  would  like  to  move  out  of  cities  from  doing  so.  Accordingly,  a  public  policy 
with  respect  to  urban  crowding  seems  to  be  called  for.  It  should  involve  nothing 
so  repugnant  as  constraint  on  the  freedom  of  people  to  move  where  they  like. 
But  the  tax  sy.stem,  the  credit  .system,  and  farm  price  supports  could  well  be  or- 
ganized more  effectively  to  induce  larger  numbers  of  people  to  live  in  the  great 
empty  spaces  of  this  country. 

ACTIA'ATING    THE    BRAKES 

The  measures  I  have  proposed  in  the  areas  of  environmental  protection,  nat- 
ural-resource management,  and  land  use  will  not  produce  an  appreciable  slowing 
in  the  rate  of  economic  growth  so  long  as  the  costs  of  growth  remain  moderate. 
But  I  could  be  wrong  in  believing  that  the  costs  of  growth  will  not  increase 
I'apidly  in  years  ahead.  If  pollution  becomes  very  hard  to  control,  if  resources 
do  run  out  and  substitutes  cannot  be  found,  if  the  problems  of  congestion 
prove  resistant  to  limited  interventions,  costs  could  climb  to  prohibitive  levels. 
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If  they  were  internalized,  higli  costs  would  activate  the  brakes  that  the  price 
system  builds  into  the  economy.  Investment  would  decline  as  its  returns  dimin- 
ish. Growth  would  slow  down  and  perhaps  eventually  come  to  a  halt. 

The  declining  rate  of  return  would  reduce  the  income  of  owners  of  capital. 
The  distril)ution  of  income  would  become  much  more  even.  This  is  an  important 
part  of  the  slowing  down  process.  Without  growth,  it  would  be  much  more  diffi- 
cult for  democratic  societies  to  justify  large  inequalities  of  income.  Opposition 
to  inequality  would  no  longer  be  moderated  by  the  general  upward  movement 
of  incomes,  and  the  high  degree  of  social  mobility  that  growth  makes  possible. 

Because  the  supply  is  fixed,  ownership  of  land  would  present  an  exception  to 
the  rule  of  declining  returns  on  capital.  Rents  would  rise,  and  the  value  of  land 
would  rise  enormously  as  interest  rates  fell.  Public  policy,  through  appropriate 
taxation,  would  have  to  extend  the  evening  up  process  to  land  ownership. 

A  growthless  state,  in  the  unlikely  event  it  were  reached,  would  leave  many 
problems  unsolved.  We  do  not  known  how  a  society  like  ours  would  take  to  it.  At 
present,  Americans  are  not  satisfied  with  the  results  of  the  stably  rising  prosperity 
over  the  last  25  years,  as  inflationary  wage  demands  attest.  How  will  people 
behave  when  their  standards  of  consumption  no  longer  increase?  We  do  not 
know  how  the  economy  will  function  at  a  zero  return  on  capital.  Full  employ- 
ment can  be  maintained  only  if  the  Government  uses,  for  nongrowth  expend- 
itures, such  savings  as  people  still  want  to  set  aside — savings  for  which  there 
will  be  little  demand,  since  borrowed  capital  will  provide  no  return.  An  economy 
based  on  free  markets  still  seems  possible,  but  the  fate  of  private  enterprise 
l)ecomes  obscure. 

Any  conmientary  on  zero  economic  growth  should  add  that  attainment  of 
a  stationary  state  by  the  U.S.  economy  would  not  do  much  to  solve  the  growth 
problems  in  the  rest  of  the  world.  Growth-slowing  processes  will  be  at  work 
elsewhere,  of  course,  and  ultimately  there  may  be  a  worldwide  cessation  of 
economic  growth ;  but  that  presupposes,  above  all,  an  end  to  population  growth. 
While  low  birth-rate  patterns  already  prevail  in  the  industrial  countries,  the 
less  developed  countries  have  further  to  go  in  their  population  cycle.  There  are 
reasons  to  believe  that  they  may  complete  the  evolution  to  very  low  birth  rates 
faster  than  the  industrial  coimtries  did,  but  there  is  no  assurance  that  this  will 
prove  to  be  so.  For  people  concerned  about  the  long-range  consequences  of 
continued  growth,  the  core  of  the  problem  surely  is  the  expanding  population 
of  the  less  developed  countries. 

As  for  the  United  States,  it  has  in  a  sense  already  completed  the  evolution 
to  zero  population  growth.  Births  still  exceed  deaths,  but  this  is  a  detail  that 
reflects  the  age  structure  of  the  population.  The  total  fertility  rate  has  now 
fallen  below  he  critical  replacement  level  of  2.11  children  per  woman,  which 
would  bring  about  zero  population  growth  in  the  first  half  of  the  next  century. 

DEFEATIST   "REALISM" 

Anyone  aware  of  the  stir  created  by  the  zero-population-growth  movement  in 
the  last  few  years  might  suppose  that  the  virtual  attainment  of  ZPG  in  the 
United  States  would  bring  solutions  to  serious  environmental  problems  within 
view.  Unfortunately,  this  is  not  the  case.  ZPG  is  not  in  itself  an  efl'ective  remedy 
for  environmental  problems.  It  does  not  end  crowding  because  a  constant  num- 
ber of  people  can  still  dispose  themselves  in  congested  patterns.  It  does  not  help 
much  with  pollution  or  resource  exhaustion,  because  the  per  capita  income  of  a 
stationary  population  grows  faster  than  that  of  an  expanding  population. 

As  must  be  abundantly  clear  by  now.  I  am  not  an  enthusiast  for  zero  economic 
growth  either.  In  a  finite  world,  to  be  sure,  growth  cannot  continue  indefinitely. 
But  advocates  of  zero  economic  growth  would  guard  against  the  risks  and  penal- 
ties of  growth  by  prematurely  denying  society  the  benefits  of  growth. 

At  this  chapter  in  the  human  story,  it  makes  much  more  sense  to  accept  the 
benefits  but  adopt  protective  measures.  If  they  work  properly,  undesirable  effects 
of  growth  will  induce  feedback  that  .slow.s  or  lialts  the  particular  kinds  of  growth 
producing  those  effects. 

This  approach  to  the  monitoring  and  control  of  growth,  moreover,  will  tend  to 
improve  the  allocation  of  resources  and  protect  the  environment,  whether  growth 
is  affected  or  not.  When  factories  have  to  pay  for  polluting  waterways,  tliey 
will  do  less  polluting.  Those  who  tell  us  that  if  we  want  growth  we  have  to  put 
up  with  its  stinks,  noises,  eyesores,  and  poisons  are  sometimes  credited  with 
realism,  but  their  attitude  might  better  be  called  defeatist.  There  is  no  inherent 
reason  why  rising  standards  of  consumption  must  l»e  accompanied  by  declining 
quality  of  life. 
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Coming  to  Terms  with 
Growth  and  the  Environment 


WALTER  W.  HELLER 


A  conference  of  ecologists  and  environmentalists,  economists  and  technol- 
ogists—convened to  illuminate  the  complex  interplay  of  energy,  economic 
growth,  and  the  environment— should  open,  not  v/ith  a  declaration  of  war  or  of 
conflicting  faiths,  but  with  a  declaration  of  humility.  Conceptually,  to  be  sure, 
we  know  quite  a  lot  about  this  interplay-about  the  processes  of  resource  use 
and  disposal  ihat  overload  and  degrade  our  natural  environment;  about  the 
chilling  possibility  that  untrammeled  growth  and  uncontrolled  technology  could 
eventually  destroy  the  ecosystem  that  sustains  us;  about  the  methods,  both 
economic  and  technological,  by  which  man  can  arrest  or  reverse  the  march  to 
environmental  ruin;  and  about  the  directions  of  changes  in  priorities  and  institu- 
tions needed  to  put  these  methods  to  work. 

But  empirically,  we  really  know  very  Httle.  In  trying  to  determine  the  causal 
relationship,  assess  the  trade-offs,  and  strike  a  reasoned  cost-benefit  balance 
between  economic  growth  and  environmental  integrity,  we  constantly  run  into 
the  unknown  or  unknowable  (or  even  the  unthinkable),  into  the  unmeasured  or 
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President  (1965-69);  Chairman  of  the  Council  of  Economic  Advisers  (1961-64);  and  Chief 
of  Internal  Finance,  U.S.  Military  Government,  Germany  (1947-48).  At  various  times  he 
has  been  a  consultant  to  the  United  Nations,  the  Commirtee  for  Economic  Development, 
the  Brookmgs  Institution,  and  the  U.S.  Bureau  of  the  Census.  He  was  Chairman  of  the 
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and  his  M.S.  and  Ph.D.  from  the  University  of  Wisconsin. 
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unmeasurable  (or  even  the  infinite).  Not  surprisingly,  then,  much  of  what  we 
"know,"  much  of  the  evidence,  is  fragmentary  and  inconclusive.  More  discon- 
certingly, the  findings  are  often  contradictory.  A  case  in  point:  qualified  and 
concerned  analysts  of  the  energy-growth-environment  linkage  have  arrived  at 
radically  different  assessments  of  future  shock  to  the  environment-almost  a 
"no-big-deal"  versus  a  "crime-against-humanity"  split  on  the  projected  impact  of 
energy  growth  on  the  environment  by  the  year  2000. 

Humility  should  lead  us,  then,  to  acknowledge  and  define  our  collective 
ignorance,  as  well  as  our  sparse  knowledge,  with  two  purposes  in  mind: 

1 .  Identifying  our  joint  research  needs  and  priorities. 

2.  Shaping  our  responses  to  clear  and  present  environmental  dangers  in  light 
of  that  ignorance,  i.e.,  pursuing  courses  of  action  that  permit  flexible  and 
automatic  adjustment  to  new  information,  new  techniques,  new  values, 
and  new  resource  parameters.^ 

But  humihty  in  the  context  of  this  forum  calls  for  more.  It  demands  a 
sensitivity  in  one  discipline  to  the  concepts,  concerns,  and  convictions  in 
another.  Lest  anyone  fear,  however,  that  I  am  about  to  submerge  controversy  in 
a  sea  of  humility,  let  me  reassure  you.  Let  me  set  the  framework  for  my  further 
discussion  in  terms  of  the  apparent  differences  in  perception  between  ecologists 
and  economists  that  have  to  be  narrowed  or  reconciled  if  we  are  to  make  a 
productive  joint  attack  on  the  growth-energy-environment  problem.  At  many 
points,  as  you  vnU  see,  I  humbly  beg  to  differ. 

First,  in  starkest  terms,  the  ecologist  lays  down  an  environmental  imperative 
that  requires  an  end  to  economic  growth-or  sharp  curtailment  of  it-as  the  price 
of  biological  survival.^  The  economist  counters  with  a  socioeconomic  imperative, 
that  requires  the  continuation  of  growth  as  the  price  of  social  survival.  Some 
ecologists  see  the  arresting  of  growth  as  a  necessary,  though  not  sufficient, 
condition  for  saving  the  ecosystem.  The  economist  sees  growth  as  a  necessary, 
though  not  sufficient,  condition  for  social  progress  and  stability.  To  focus  differ- 
ences even  more  sharply,  the  economist  tends  to  regard  the  structure  rather  than 
the  fact  of  growth  as  the  root  of  environmental  evil  and  indeed  views  growth 
itself  as  one  of  the  prerequisites  to  success  in  restoring  the  environment. 

'  After  writing  this,  I  encountered  something  in  much  the  same  vein  in  the  introductory 
comments  in  the  October  1910  Bulletin  of  the  Atomic  Scientists  concerning  the  summary 
of  the  Massachusetts  Institute  of  Technology  Study  of  Critical  Environmental  Problems 
(SCEP):  "One  of  the  striking  aspects  of  SCEP  is  its  humility.  It  does  not  attempt  to  ring  the 
doomsday  belL  Rather,  it  stands  as  a  sober,  reflective,  and  careful  statement  of  what  man 
knows  about  the  effects  of  these  pollutants  (carbon  dioxide,  sulfur  dioxide,  oxides  of 
nitrogen,  chlorinated  hydrocarbons,  other  hydrocarbons,  heavy  metals,  and  oil]  on  the 
environment  and  what  he  has  yet  to  learn. ...  It  goes  on  to  suggest  what  man  can  do  about 
the  problems  he  does  understand  and  how  he  can  acquire  essential  information  about  those 
he  doesn't"  The  SCEP  approach  commends  itself  to  this  forum. 

^I  use  the  term  "ecologist"  here,  not  in  the  technical  sense  of  a  natural-systems  biolo- 
gist, but  as  a  proxy  for  "noneconomist  environmentalists." 
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Second,  the  ecologist  counters  that  the  Great  God  Growth  has  feet  of  clay. 
In  his  view,  if  we  counted  the  full  costs  of  water,  air,  land,  visual,  and  noise 
pollution— i.e.,  the  drawing  down  of  our  environmental  capital-the  advance  of 
measured  gross  national  product  (GNP)  in  the  past  quarter-century  might  well 
turn  out  to  be  an  illusion.  In  responding,  the  economist  is  at  pains  to  make  clear 
that  he  is  anything  but  Mecca-nistic  about  GNP.  He  is  under  no  illusion  that 
GNP  is  an  index  of  social  welfare  (or,  for  that  matter,  that  it  is  even  feasible  to 
construct  a  single  index  of  welfare,  or  that  greater  material  welfare  is  a  guarantee 
of  greater  happiness).  But  he  does  believe  that  a  careful  reading  of  economic  and 
social  data  yields  persuasive  evidence  that  real  GNP  per  capita  has  advanced  even 
after  adjusting  for  increases  in  population,  prices,  and  pollution;  and  that  a  rise 
in  social  welfare  has  accompanied  the  rise  in  output  of  goods  and  services. 

Third,  in  a  very  real  sense,  the  most  vexing  difference  between  ecologists  and 
economists  may  not  be  in  their  conflicting  interpretations  of  the  evidence  but  in 
their  divergent  modes  of  thinking.  At  the  risk  of  exaggerating  a  bit  for  emphasis, 
I  perceive  the  dedicated  environmentalist  as  thinking  in  terms  of  exponential 
rates  of  deterioration,  thresholds,  flash  points,  and  of  absolute  limits  to  be  dealt 
with  by  absolute  bans.  (And  I  confess  to  a  bit  of  absolutism  myself  when  it 
comes  to  roads  in  the  North  Cascades,  oil  exploration  in  Puget  Sound,  and 
70,000  tons  a  day  of  taconite  tailings  dumped  into  Lake  Superior.) 

In  basic  approach,  the  economist  could  hardly  agree  less.  He  thinks  in  terms 
of  marginalism,  trade-offs,  and  a  careful  cost-benefit  calculus-not  marginalism 
in  the  sense  of  minor  adjustments  but  in  the  sense  of  balancing  costs  and  bene- 
fits at  the  margin.  As  he  sees  it,  the  right  solution  in  striking  a  balance  between 
nature  and  man,  between  environment  and  growth,  and  between  technology  and 
ecology,  would  be  the  one  that  pushes  depollution  to,  but  not  beyond,  the  point 
where  the  costs— the  forgone  satisfactions  of  a  greater  supply  of  additional  goods 
and  services— just  equal  the  benefits— the  gained  satisfactions  of  clear  air,  water, 
landscape,  and  sound  waves.  What  the  economist  regards  as  rational  is  to  seek, 
not  total  or  maximum  cleansing  of  the  environment-prohibitions  tend  to  be 
prohibitively  expensive— but  an  optimum  arising  out  of  a  careful  matching  of  the 
"bads"  that  we  overcome  and  the  "goods"  that  we  forgo  in  the  process. 

Fourth,  when  economists  and  ecologists  turn  to  the  search  for  solutions, 
they  fin4  a  considerable  area  of  agreement.  They  would  agree,  for  example,  that 
where  the  trade-off  is  between  today's  "goods"  and  tomorrow's  "bads,"  govern- 
ment has  to  step  in  to  enforce  a  rational  calculus.  Indeed,  many  environmental 
problems  can  be  handled  only  by  government  proliibitions  and  regulations  (mer- 
cury and  DDT  come  to  mind)  and  by  public  expenditures  for  collective  sewage 
disposal,  land  reclamation,  and  environmental  clean-up.  They  can  also  join  in 
identifying  the  essentially  costless  changes  that  serve  growth  and  the  environ- 
ment simultaneously,  thus  requiring  no  trade-offs.  One  thinks,  for  example,  of 
technological  advances  that  have  substituted  coal  and  oil  for  wood  as  energy 
sources  (the  per  capita  consumption  of  timber  in  the  United  States  was  no 
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higher  in  1968  than  thirty  years  earlier)  and  have  enabled  us  to  reduce  both 
costs  and  diesel  engine  pollution  by  moving  oil  and  coal  by  pipeline  rather  than 
rail.  And  one  looks  forward  to  the  day  when  thermal  byproducts  of  energy 
production  can  be  converted  from  pollutants  to  a  productive  source  of  space 
heating  and  cooling  for  industrial,  commercial,  and  apartment  buildings. 

But  where  hard  choices  will  have  to  be  made,  the  economist  wants  to  put  as 
much  of  the  load  on  the  price  system  as  it  can  efficiently  carry.  His  main  device 
would  be  to  put  price  tags-for  example,  in  the  form  of  effluent  fees  or  pollution 
permits  or  refundable  materials  fees-on  the  now  largely  free  use  of  air,  water, 
and  land  areas  as  dumping  grounds  for  industrial  and  commercial  wastes.  The 
environmentahst's  instinct  is  to  recoil  against  this  "license  to  pollute."  By  the 
same  reasoning,  perhaps,  he  feels  way  down  deep  that  to  let  mineral  resources 
and  fossil  fuels  be  managed  through  the  pricing  system  constitutes  a  "Ucense  to 
exploit"  the  biosphere,  a  license  that  should  be  revoked  or  subjected  to  tighter 
regulation.  But  the  economist  wants  to  spread  the  net  of  the  pricing  mechanism 
widely  to  capitalize  on  its  automaticity  in  digesting  information  and  responding 
to  it,  its  ability  to  integrate  a  vast  range  of  decisions,  its  stimulus  to  natural 
resource  conservation,  and  its  lowering  of  demands  on  the  government  bureauc- 
racy. His  goal,  of  course,  is  not  to  collect  fees  or  taxes  but  to  build  enough 
economic  incentives  into  the  market  system  to  bring  pollution  to  bay. 

THE  ROLE  OF  ECONOMIC  GROWTH     . 

Turning  to  the  first  of  these  four  issues,  one  should  keep  in  mind  that  the 
growth-versus-environment  contest  is  in  one  sense  a  mismatch:  economic  growth 
is  a  means,  an  instrumental  goal,  while  environmental  quality  is  an  end  in  itself, 
an  important  component  of  the  quality  of  existence.  In  assessing  the  instrumen- 
tal goal  of  growth,  we  need  to  inquire: 

1 .  Whether  it  is  growth  itself,  or  its  particular  forms,  that  lead  to  environ- 
mental trouble  (and  if  the  latter,  how  production  and  technology  can  be 
redirected  into  environmentally  more  tolerable  channels). 

2.  What  social  costs  the  nation  would  incur  in  giving  up  growth. 

3.  Whether  the  war  on  pollution  could,  as  a  practical  matter,  be  pressed  and 
won  without  growth. 

Can  Growth  Be  Stopped? 

To  discuss  the  benefits  of  growth  in  the  context  of  environmental  quality 
implies,  first,  that  a  realistic  option  exists-one  that  is  conceptually  and  institu- 
tionally possible-of  stopping  growth  or  slowing  it  to  a  crawl  and,  second,  that 
there  is  a  trade-off,  an  inverse  relation,  between  the  rate  of  economic  growth  and 
the  quality  of  the  natural  environment. 
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Whether  nogrowth  is  a  conceivable  alternative  depends  first  on  the  nature  of 
the  growth  process  and  the  sources  of  growth.^  Growth  of  the  U.S.  economy  in 
the  basic  sense  of  growth  of  output  per  capita  is  anchored  in  (1)  increases  in  the 
stock  of  human  capital  through  investments  in  education,  training,  and  expe- 
rience; (2)  increases  in  the  stock  of  nonhuman  capital  through  investment  in 
equipment,  machinery,  and  plant;  and  (3)  improvements  in  the  state  of  U.S. 
scientific  and  managerial  technology  through  investments  in  research  and  devel- 
opment, better  management  and  organization,  and  more  efficient  production 
techniques.  The  deepest  wellspring— the  "major  permissive  source,"  as  Simon 
Kuznets  puts  it— of  modern  economic  growth  is  the  advance  of  technology  in  its 
broadest  economic  sense,  that  is,  the  advance  of  knowledge. 

Considering  man's  unquenchable  thirst  for  understanding  through  better 
education  and  his  enduring  quest  for  increased  knowledge  and  easier  ways  of 
doing  things— through  research  and  development,  large-scale  experimentation, 
and  small-scale  tinkering— one  can  only  conclude  that  growth  in  output  per 
man-hour  cannot  be  stopped.  Conceivably,  total  output  could  be  held  in  check 
by  highly  restrictive  taxes  and  tight  monetary  poUcy  or  by  direct  controls.  Since 
output  per  man-hour  would  continue  to  rise,  stopping  total  growth  would  re- 
quire a  rapid  decline  in  the  average  workweek— one  calculation  puts  it  at 
twenty-six  hours  by  1980— and  a  corresponding  increase  in  leisure  and  non- 
market  activity.  (My  secretary  asks,  "What's  so  bad  about  thatV)  This  appraisal 
recognizes  also  that  the  labor  force  would  continue  to  grow.  Even  with  a  zero 
population  growth  policy,  it  would  take  several  decades  to  stabilize  the 
population.'* 

^For  an  authoritative  and  detailed  examination  of  this  subject,  see  Edward  F.  Denison, 
The  Sources  of  Economic  Growth  in  the  United  States  and  the  Alternatives  before  Us 
(Committee  for  Economic  Development,  1962),  and  Denison's  Why  Growth  Rates  Differ 
(Brookings  Institution,  1967). 

^In  Economic  Report  of  the  President,  February  1970,  p.  110,  the  Council  of  Economic 
Advisers  reported  that  because  of  the  high  proportion  of  young  people  in  the  population, 
cutting  the  fertility  rate  to  a  level  consistent  with  zero  population  growth  would  not 
stabilize  the  U.S.  population  until  2037  (at  276  million).  Recent  studies  and  new  fertility 
data  strongly  suggest  that,  barring  a  reversal  of  present  trends,  the  United  States  is  already 
well  on  its  way  toward  the  desired  slowdown  or  even  stabilization  of  population  growth.  In 
a  recent  analysis.  Glen  G.  Cain  concluded  that  "the  widely-discussed  issue  of  the  threat  of 
the  U.S.  population  bomb  is  ...  a  non-issue."  ("Issues  in  the  Economics  of  a  Population 
Policy,  for  the  United  States,"  a  discussion  paper  of  the  Institute  for  Research  on  Poverty, 
University  of  Wisconsin,  1971.)  In  the  context  of  the  RFF  forum,  it  should  also  be  noted 
tfiat  other  new  studies  warn  us  that  a  slowdown  or  cessation  of  population  growth  won't 
solve  as  much  of  the  environmental  problem  as  we  might  hope.  Ansley  J.  Coale,  for  ex- 
ample, stated,  "There  is  no  doubt  that  slower  population  growth  would  make  it  easier  to 
improve  our  environment,  but  not  much  easier."  ("Man  and  His  Environment,"  Science,  vol. 
170,  no.  3954  (October  9,  1970]).  Herman  B.  Miller,  Chief  of  the  Population  Division  of 
the  Bureau  of  the  Census,  is  more  specific:  "Two-thirds  of  the  rise  in  expenditure  for  goods 
and  services  would  take  place  even  if  our  population  stopped  growing  tomorrow  but  con- 
tinued to  increase  its  income  and  spend  its  money  in  the  same  old  way."  {New  York  Times, 
February  19,  1971.) 
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The  point  of  a  no-growth  policy  would  be  to  check  and  reverse  the  erosion 
of  the  environment.  But  there  is  nothing  inherent  in  a  no-growth  economy  that 
would  change  our  polluting  ways.  So  one  has  to  posit  active  and  costly  steps  to 
restore  and  protect  the  environment.  This  would  require  an  absolute  reduction 
in  material  living  standards,  as  conventionally  measured,  in  exchange  for  a  more 
livable  natural  emironment. 

Just  to  sketch  this  picture  is  to  raise  serious  questions  of  its  social,  pohtical, 
and  economic  feasibility.  Short  of  a  believable  threat  of  human  extinction,  it  is 
hard  to  imagine  that  the  public  would  accept  the  tight  controls,  lowered  material 
living  standards,  and  large  income  transfers  required  to  create  and  manage  a 
stationary  state.  Whether  the  necessary  shifts  could  be  accomplished  without 
vast  unemployment  and  economic  dislocation  is  another  question.  The  shift  to  a 
no-growth  state  of  being  might  even  throw  the  fragile  ecology  of  our  economic 
system  so  out  of  kilter  as  to  threaten  its  breakdown.  Having  said  this,  let  me 
quickly  add  that  if  the  human  race  were  to  discover  that  it  would  be  committing 
suicide  unless  it  reduced  its  standard  of  living  (at  least  for  its  affluent  people),  I 
dare  say  it  would  develop  ways  of  managing  the  economic  system  to  accommo- 
date this  necessity.  Short  of  dire  threats,  however,  economic  grov^ih  seems  des- 
tined to  continue.  To  cope  with  growing  contamination  of  the  environment,  the 
United  States  is  thus  driven  to  a  redirection  of  growth  and  technology  and  to  a 
reordering  of  priorities  in  the  uses  of  growth. 

The  Growth-Ecology  Trade-Off 

But  this  still  does  not  resolve  the  question  of  whether  national  policymakers 
should  continue  to  stimulate  growth  or  should  seek  consciously  to  retard  it. 
That  depends  not  just  on  the  benefits  of  growth,  which  I  will  discuss  in  a 
moment,  but  on  its  environmental  costs,  on  the  growth-ecology  trade-off.  To  the 
question  of  how  much  growth  may  have  to  be  given  up  to  protect  the  natural 
environment  and  maintain  a  habitable  planet,  both  ecologists  and  economists 
offer  a  wide  range  of  answers. 

Among  those  who  focus  on  global  environmental  problems,  the  spectrum 
runs  from  those  who  are  persuaded  that  global  pollution  puts  life  on  this  planet 
in  jeopardy  to  those  who  conclude  that  no  one  knows  enough  to  answer  the 
question.  So  far  as  I  know,  the  category  of  ecologists  (or  economists,  for  that 
matter)  who  hold  a  "no-problem"  view  of  this  matter  is  an  empty  box.  In  its 
significant  but  selective  survey,  the  group  for  the  Study  of  Critical  Environ- 
mental Problems  (SCEP)  offered  some  reassurance  on  the  climatic  effects  of 
growth  in  output  and  fossil  fuel  energy  but  called  for  prompt  counteraction  to 
the  ravages  of  toxic  pesticides  and  heavy  metals  and  excessive  nutrient  run-offs.* 

The  SCEP  group  concluded,  for  example,  that  "the  probability  of  direct  climate 
change  in  this  century  resulting  from  CO,   is  small,"  though  its  long-term  consequences 
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Among  economists  there  are  those  who  accept  the  "spaceship  earth"  con- 
cept of  finite  Hmits  to  the  assimilative  capacity  of  the  environment  and  who 
believe  that  growth  will  test  those  limits  within  relevant  time  horizons  and  must 
therefore  be  retarded.  But  a  majority  of  the  economics  profession  lean  toward 
the  findings  of  a  recent  econometric  probe  of  tliis  problem  by  WiUiam  Nordhaus 
and  James  Tobin. 

1.  With  respect  to  appropriable  resources  like  minerals  and  fossil  fuels, 
which  the  market  already  treats  as  economic  goods,  the  Nordhaus-Tobin 
estimates  show  "little  reason  to  worry  about  the  exhaustion  of  re- 
sources." As  in  the  past,  rising  prices  of  fossil  fuels  are  expected  to 
provide  strong  incentives  for  conserving  supplies  and  developing  substi- 
tute materials  and  processes. 

2.  For  nonappropriable  resources,  for  "public  goods"  like  air  and  water, 
they  see  the  problem  of  abuse  as  much  more  serious.  But  the  environ- 
mental disturbance  and  misdirection  of  resources  that  result  from  treat- 
ing public  natural  resources  as  if  they  were  free  goods  could,  they  be- 
lieve, be  corrected  by  charging  for  them.  "The  misdirection  is  due  to  a 
defect  in  the  pricing  system— a  serious  but  by  no  means  irreparable  de- 
fect and  one  which  would  in  any  case  be  present  in  a  stationary  econ- 
omy." 

3.  With  respect  to  global  ecological  collapse,  they  appropriately  conclude 
that  "there  is  probably  very  little  that  economists  can  say."* 

The  issue  is  far  from  resolved.  But  the  evidence  to  date  supports  the  view 
that  it  is  less  the  fact  of  growth  than  the  manner  of  growth  and  the  uses  made  of 
growth  that  lie  at  the  bottom  of  U.S.  environmental  troubles.  And  elusive  as  a 
consensus  on  the  basic  growth-environment  trade-offs  may  be,  it  appears  that  a 


might  be  large.  With  respect  to  particulate  matter,  SCEP  found  that  "the  area  of  greatest 
uncertainty  in  connection  with  the  effects  of  particles  on  the  heat  balance  of  the  atmos- 
phere is  our  current  lack  of  knowledge  of  their  optical  properties  in  scattering  or  absorbing 
radiation  from  the  sun  or  the  earth."  On  thermjd  pollution:  "Although  by  the  year  2000 
global  thermal  power  output  may  be  as  much  as  six  times  the  present  level,  we  do  not 
expect  it  to  affect  global  climate,"  but  they  noted  that  the  problem  of  "heat  islands"  may 
become  severe.  They  concluded  that  atmospheric  oxygen  is  practically  constant,  having 
stood  very  close  to  20.946  percent  since  1910,  and  that  "calculations  show  that  depletion 
of  oxygen  by  burning  all  the  recoverable  fossil  fuels  in  the  world  would  reduce  it  only  to 
20.80Q%."  They  recommended  drastic  curtailment  of  the  use  of  DDT  and  mercury  as  well 
as  the  control  of  nutrient  discharges,  together  with  early  development  of  technology  to 
reclaim  and  recycle  nutrients  in  areas  of  high  concentration.  {Man's  Impact  on  the  Global 
Environment:  Assessment  and  Recommendations  for  Action,  Report  of  the  Study  of  Criti- 
cal Environmental  Problems  sponsored  by  the  Massachusetts  Institute  of  Technology  [MIT 
Press,  1970],  pp.  12,13,  19,75,136,  138,149.) 

^William  Nordhaus  and  James  Tobin,  "Is  Growth  Obsolete?"  (paper  presented  at  the 
National  Bureau  of  Economic  Research  Colloquium  on  Economic  Growth,  San  Francisco, 
December  10,  1970,  to  be  published  by  the  NBER  in  the  proceedings,  1972). 
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consensus  on  the  urgency  of  changing  the  forms  and  uses  of  growth  is  already 
materiahzing.  As  a  consequence,  the  nation  already  is  being  confronted  with 
hard  choices  and  the  need  for  painful  institutional  changes.  I  submit  that  both 
the  hard  choices  and  the  painful  changes  required  to  restore  the  environment 
will  come  much  easier  in  an  atmosphere  of  growth  than  of  stagnation. 

Benefits  of  Growth 

Turning  to  the  benefits  side  of  the  picture,  we  are  well  advised,  first  of  all,  to 
take  growth  out  of  the  one-dimensional  context  of  the  natural  environment.  In  a 
broader  context,  the  environmental  claims  against  the  bounties  of  growth  must 
include  shares  not  only  for  cleansing  the  physical  environment  of  air,  water,  and 
land  pollution  and  of  urban  congestion  and  sprawl,  but  also  for: 

1.  Cleansing  the  social  environment  of  the  cancers  of  poverty,  ignorance, 
malnutrition,  and  disease. 

2.  Cleansing  the  human  environment  of  the  degradation  and  blight  of  the 
urban  ghetto  and  the  rural  slum. 

3.  Cleansing  our  personal  envirormient  of  the  fear  of  crime  and  violence. 

Even  with  the  aid  of  a  rise  of  55  percent  in  GNP  and  34  percent  in  real  per 
capita  personal  income  from  1959  to  1969,  we  have  found  in  the  United  States 
that  our  inroads  on  these  problems  have  not  kept  pace  with  our  rising  expecta- 
tions and  aspirations.  Imagine  the  tensions  between  rich  and  poor,  between 
black  and  white,  between  blue-collar  and  white-collar  workers,  between  old  and 
young,  if  we  had  been  forced  to  finance  even  the  minimal  demands  of  the 
disadvantaged  out  of  a  no-growth  national  income  instead  of  a  one-third  increase 
in  that  income. 

A  specific  example  may  be  instructive.  Between  1959  and  1969  the  number 
of  persons  below  the  poverty  line  fell  from  39  million  to  24  million,  from  22.4 
percent  to  12.2  percent  of  a  rising  population.  The  improvement  came  from  a  3 
percent  increase  in  productivity  per  year,  a  drop  in  unemployment  from  6 
percent  to  4  percent,  shifts  of  the  poor  from  lower  to  higher  income  occupations 
and  regions,  and  an  extraordinary  growth  in  government  cash  transfers,  from 
$26  billion  in  1960  to  over  $50  billion  in  1970.  Every  one  of  these  factors  was 
in  some  way  the  direct  outgrowth  of,  or  was  associated  with  or  facilitated  by, 
per  capita  economic  growth.^  Given  their  huge  stake  in  growth  as  a  source  of  the 
wherewithal  and  much  of  the  will  to  improve  their  lot,  the  poor  could  be 
pardoned  for  saying,  "Damn  the  externalities,  full  speed  ahead." 

^Testimony  of  Robert  J.  Lampman  m Economic  Opportunity  Amendments  of  1971,  pt. 
1,  Hearings  before  the  Subcommittee  on  Employment,  Manpower,  and  Poverty  of  the 
Senate  Committee  on  Labor  and  Public  Welfare,  92  Cong.  1  sess.  (March  23,  1971). 


396 


Looking  ahead,  the  CouncU  of  Economic  Advisers  projected  a  rise  in  real 
GNP  (in  1969  dollars)  of  roughly  $325  billion,  or  35  percent,  from  1970  to 
1976.  In  the  face  of  claims  on  these  increases  that  are  already  staked  out  or 
clearly  in  the  making— claims  that  leave  only  a  small  net  "fiscal  dividend"  by 
1976— it  will  be  hard  enough  to  finance  the  wars  on  poverty,  discrimination,  and 
pollution  even  with  vigorous  economic  growth.*  Consider  the  problem  in  a 
no-growth  setting:  to  wrench  resources  away  from  one  use  to  transplant  them  in 
another,  to  wrest  incomes  from  one  group  for  transfer  to  another,  to  redeploy 
federal  revenues  from  current  to  new  channels  (even  assuming  that  we  could  pry 
loose  a  substantial  part  of  the  $70  billion  devoted  annually  to  military  expendi- 
tures)—and  to  do  all  this  on  a  sufficient  scale  to  meet  the  urgent  social  problems 
that  face  us— might  well  involve  us  in  unbearable  social  and  political  tensions.' 
In  this  context,  one  rightly  views  growth  as  a  necessary  condition  for  social 
advance,  for  improving  the  quaUty  of  the  total  environment. 

Apart  from  the  tangible  bounties  that  growth  can  bestow,  we  should  keep  in 
mind  some  of  its  intangible  dividends.  Change,  innovation,  and  risk  thrive  in  an 
atmosphere  of  growth.  It  fosters  a  social  mobility  and  opens  up  options  that  no 
stationary  state  can  provide.  This  is  not  to  deny  that  a  no-growth  economy,  with 
its  large  rations  of  leisure,  would  appeal  to  those  in  the  upcoming  generation 
who  lay  less  store  by  the  work  ethic  and  material  goods  than  their  forebears.  But 
if  they  associate  this  with  tranquility— in  the  face  of  the  intensified  struggle  for 
shares  of  a  fixed  income  on  the  part  of  their  more  numerous  and  more  competi- 
tive contemporaries— I  believe  they  are  mistaken. 

Let  me  return  now  to  the  context  of  the  natural  environment,  to  the  growing 
consensus  that  we  have  to  stop  and  reverse  the  ugly  and  destructive  waste 

^for  the  underlying  numbers  on  GNP  increases  and  the  claims  against  them,  see  the 
Economic  Report  of  the  President,  February  1971,  p.  95.  See  also  chap.  7  of  Charles  L. 
Schultze  and  others.  Setting  National  Priorities:  The  1972  Budget  (Brookings  Institution, 
1971).  Schultze  and  his  ccdieagues  projected  a  rise  in  real  GNP  (1970  dollars)  of  $353 
billion.  In  current  dollars  (i.e.,  allowing  for  inflation),  they  foresee  a  rise  from  $977  bilUon 
in  1970  to  $1,585  billion  in  1976,  a  rise  of  $608  billion.  Even  with  the  resulting  automatic 
growth  of  federal  revenues  from  a  full-employment-equivalent  level  of  some  $230  billion  in 
fiscal  1972  to  $312  billion  in  fiscal  1976,  the  "built-in"  growth  of  federal  expenditures 
would  leave  only  a  $17  billion  net  "fiscal  dividend"  in  1976  to  utilize  for  new  programs  or 
expansion  of  existing  programs  (pp.  321-33). 

'For  example,  in  Robert  S.  Benson  and  Harold  Wolman,  eds.,  Counterbudget:  A  Blue- 
print for  Changing  National  Priorities,  1971-1976  (Praeger,  1971),  the  National  Urban 
Coalition  converted  the  easy  rhetoric  of  "reordering  priorities"  into  a  chart  of  specific 
needs.  Putting  most  of  its  emphasis  on  "human  development  programs,"  the  coalition  called 
for  a  $52  billion  rise  in  federal  expenditures  on  health  care  in  the  next  five  years,  $29 
billion  for  income  support,  $11  billion  for  education,  and  $16  billion  for  aid  to  state  and 
local  governments.  Even  with  its  judgment  that  $24  biUion  could  be  cut  from  military 
spending  over  the  next  five  years,  this  adds  up  to  increased  federal  spending  of  nearly  $100 
billion- apart  from  the  outlays  on  the  battle  against  pollution! 
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disposal  practices  of  our  modern  society.  To  accomplish  this,  the  taxpaper  must 
foot  huge  bUls  to  overcome  past  neglect  as  well  as  to  fmance  future  collective 
waste  treatment  and  preserve  open  space  and  wilderness.  Producers  and  cori- 
sumers  will  have  to  bear  the  brunt  of  outright  bans  on  ecologically  dangerous 
materials  and  to  pay  rent  for  the  use  of  the  environment's  waste  assimilation 
services  that  they  have  been  enjoying  largely  free  of  charge. 

A  modest  estimate  of  the  demands  on  the  federal  budget  for  an  adequate 
environmental  program  would  raise  the  present  outlay  of  $5  billion  a  year  to 
about  $15  billion,  an  increase  of  some  $50  bilUon  over  the  next  five  years. 
Without  growth,  and  given  the  limits  to  the  congressional  will  to  tax,  how  could 
we  hope  to  raise  the  required  revenues? 

Or  take  the  case  of  agricultural  and  industrial  pollution.  Imagine  the  re- 
sistance of  producers  to  the  internalizing  of  external  costs  in  a  society  without 
expansion  and  the  profit  opportunities  that  go  with  it.  How  could  consumers  be 
induced  to  accept  the  necessary  price  increases  in  a  world  of  fixed  incomes? 
Again,  if  the  only  alternative,  if  the  ultimate  cost,  were  biological  self- 
destruction,  the  answers  would  be  different.  But  in  the  absence  of  that  fate,  or 
because  of  its  extreme  remoteness,  growth  enters  as  a  vital  social  lubricant  and  is. 
the  best  bet  for  getting  people  to  give  up  private  "goods"  to  overcome  public 
"bads." 

GNfP  AND  SOCIAL  WELFARE 

To  some  of  what  I  just  said,  the  ecologist  may  reply,  "Not  so  fast,  not  so 
fast— when  you  count  all  the  costs,  especially  when  you  subtract  the  costs  of 
chewdng  up  the  environment,  you'll  find  that  what  you  call  growth  in  output 
and  income  since  World  War  II  is  really  a  case  of  living  off  our  environmental 
capital."  Or  he  may  say,  "The  composition  of  production  has  changed  in  such  a 
way  that  we  are  no  better  off  than  twenty-five  years  ago."  True,  he  may  say 
these  things,  but  the  evidence  does  not  bear  him  out.  But  if  he  adds,  "GNP  is  a 
mighty  sorry  index  of  welfare;  you'll  have  to  show  me  something  better  than 
that  in  rebuttal,"  the  economist  says,  "Right  on!" 

Granting  that  rising  GNP  is  a  poor  index  of  human  betterment  is  not  to  deny 
that  one  is  generally  associated  with  the  other.  It  should  require  no  lengthy 
demonstration  to  show  that,  while  a  significant  part  of  GNP  is  illusory  in  a 
welfare  sense,*®  wide  differences  and  large  advances  in  per  capita  GNP  are  asso- 

In  the  Godkin  Lectures,  five  years  ago,  I  put  this  point  as  follows:  "If,  as  byproducts 
in  our  quest  for  growth,  we  destroy  the  purity  of  our  air  and  water,  generate  ugliness  and 
social  disorder,  displace  workers  and  their  skills,  gobble  up  our  natural  resources,  and  chew 
up  the  amenities  in  and  around  our  cities,  the  repair  of  that  damage  should  have  first  call  on 
the  proceeds  of  growth.  If  the  damage  is  essentially  a  private  cost  forced  on  society,  as  in 
the  case  of  industrial  effluents  and  smoke  discharge,  it  should  be  forced  back  on  those 
private  units.  But  much  of  the  problem  and  the  cost  can  be  met  only  by  government.  (U  we 
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dated  with  significant  differences  and  advances  in  well-being.  In  a  careful  ap- 
praisal of  the  growth-welfare  correlation,  Robert  Lampman  found  that  a  26 
percent  gain  in  real  GNP  per  capita  from  1947  to  1962  brought  with  it  a  26 
percent  gain  in  per  capita  private  consumption,  a  distinct  improvement  in  in- 
come security,  and  a  significant  reduction  in  poverty.  He  concluded:  "All  things 
considered,  the  pattern  of  growth  in  the  United  States  in  the  post-war  years 
yielded  benefits  to  individuals  far  in  excess  of  the  costs  it  required  of  them.  To 
that  extent,  our  material  progress  has  had  humane  content.** 

A  question  that  has  more  recently  intrigued  students  of  GNP  is  whether  it  is 
possible  within  the  framework  of  a  national  accounts  system  to  develop  a  better 
approximation  of  welfare.  (Noneconomists  may  be  pleased  to  hear  that  four 
observers  who  have  written  on  this  problem  in  the  past  four  months  have  come 
up  with  four  different  positions  on  the  subject.) 

Economists  labor  under  no  illusion  that  GNfP  is  a  satisfactory  measure  of 
welfare  or  that  it  can  be  turned  into  one.  They  would  agree  with  J.  Petit-Senn 
that  "not  what  we  have,  but  what  we  enjoy,  constitutes  our  abundance."  What 
makes  people  think  that  GNP  has  become  the  economist's  Holy  Grail  is  the 
indispensable  role  it  plays  in  measuring  the  economy's  output  potential  and  its 
performance  in  using  that  potential.  It  is  highly  useful  and  constantly  used  by 
economists  (1)  as  a  guide  to  llscal  and  monetary  policy  for  management  of 
aggregate  demand,  and  (2)  as  a  measure  of  the  availability  of  output  to  meet 
changing  national  priorities. 

For  these  purposes,  the  emphasis  of  the  national  accounts  must  be  primarily 
en  market,  and  secondarily  on  governmental,  demand  and  output  since  these  are 
central  to  national  stabilization  policies  and  priority-setting.*^  And  for  these 
purposes,  the  national  income  and  product  accounts-with  a  bit  of  tinkering  here 
and  there— are  generally  respected  and  defended  by  economists. 

But  when  the  scene  of  battle  moves  to  measurement  of  socw/ performance, 
there  is  a  sharp  division  of  opinion  over  the  possibility  and  advisability  of 
modifying  the  GNP-or  more  properly,  the  net  national  product  (NNP)-accounts 
to  make  them  more  useful  in  gauging  social  performance.  Arthur  Okun  flatly 
rejected  any  such  thought  in  his  communication  to  the  Office  of  Business  Eco- 


could  isolate  that  part  of  it  which  is  a  direct  cost  or  byproduct  of  growth ...  we  should 
probably  make  a  subtraction  each  year  from  our  total  output,  an  adjustment  of  our  GNP 
figures,  to  take  account  of  it.)"  Walter  Heller,  New  Dimensions  of  Political  Economy 
(Harvard  University  Press,  1966),  p.  111. 

Robert  J.  Lampman,  "Recent  U.S.  Economic  Growth  and  the  Gain  in  Human 
Welfare,"  in  Walter  W.  Heller,  ed..  Perspectives  on  Economic  Growth  (Random  House, 
1968),  pp.  143-62. 

12 

To  be  precise,  net  national  product  is  the  appropriate  measure  for  gauging  the  quan- 
tity of  output  available  to  meet  our  needs-provided,  of  course,  that  the  depreciation  that 
represents  the  differences  between  GNP  and  NNP  is  calculated  in  a  rational  and  consistent 
way. 
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nomics:  "I  urge  that  you  not  try  to  'fix  it'-to  convert  GNP  into  a  purported 
measure  of  social  welfare.  .  . .  Resist  at  all  costs,  because  .  .  .  nobody  can  do  that 
job."  Edward  Denison,  writing  in  a  somewhat  similar  vein,  noted  that  to  convert 
NNP  into  a  welfare  measure  would  require  such  unattainable  measures  as  an 
index  of  real,  rather  than  money,  costs  incurred  in  production;  a  measure  of 
changes  in  needs  that  U.S.  output  must  satisfy;  measures  of  the  quality  of  both 
the  human  and  the  physical  environment;  and  a  measure  of  the  "goodness"  of 
the  size-distribution  of  income.'^ 

Denison  also  weighed  the  possibility  of  getting  a  better  measure  of  net  gains 
from  production  by  subtracting  from  the  value  of  greater  output  the  value  of  the 
environmental  damage  caused  by  producing  it.  But  he  concluded  (1)  that  the 
impossibility  of  measuring  the  "goodness"  of  the  environment  and  the  portion 
of  its- deterioration  traceable  to  production  rules  out  such  an  attempt;  and  (2) 
that  to  deduct,  as  a  proxy  for  that  deterioration,  outlays  made  to  improve  the 
environment  is  totally  undesirable,  since  it  would  mean  that  the  more  resources 
we  diverted  from  other  uses  to  improve  the  environment,  the  more  we  would 
reduce  measured  NNP. 

But  F.  Thomas  Juster  and  the  Nordhaus-Tobin  team  take  quite  a  different 
tack.  Juster  proposed  a  comprehensive  alternative  framework  for  the  national 
accounts,  with  emphasis  on  "extension  and  refinement  of  the  existing  accounts 
to  make  them  more  useful  for  the  analysis  of  trends  in  social  and  economic 
welfare,  while  at  the  same  time  insuring  that  a  market  subsector  is  retained  to 
facilitate  cyclical  analysis."*'* 

Going  beyond  the  Juster  proposals,  Nordhaus  and  Tohin  have  boldly  under- 
taken to  appraise  the  rough  quantitative  significance  of  some  of  the  deficiencies 
of  GNP  and,  more  particularly,  of  NNP  as  measures  of  economic  welfare.  The 
flavor  of  their  pioneering  probe  is  suggested  by  some  of  the  adjustments  they 
make  in  the  NNP  numbers  (all  in  1958  prices): 

1.    According  to  their  estimates,  putting  dollar  tags  on  the  value  of  leisure 
and  do-it-yourself  work  adds  a  huge  $925  billion  to  the  recorded  NNP  of 

*^See  the  comments  contributed  by  Arthur  M.  Okun  to  tlie  50th  Anniversary  Edition  of 
the  Department  of  Commerce  Survey  of  Current  Business,  January  1972,  preprinted  in 
Brookings  Bulletin,  \o\.  8,  no.  3  (Summer  1971);  and  Edward  F.  Denison,  "Welfare  Measure- 
ment and  the  G'H?,'''  Survey  of  Current  Business,  January  1971. 

His  ambitious  proposals  are  developed  and  explained  in  detail  in  "On  the  Meas- 
urement of  Economic  and  Social  Performance,"  5lst  Annual  Report  of  the  National  Bureau 
of  Economic  Research  (New  York:  September  1971),  pp.  43-52.  See  also  F.  Thomas 
Juster,  "A  Framework  for  the  Measurement  of  Economic  and  Social  Performance";  Wassily 
Leontief,  "National  Income,  Economic  Structure,  and  Environmental  Externalities";  and 
Orris  C.  Herfmdahl  and  Allen  V.  Kneese,  "Measuring  Social  and  Economic  Change"  (papers 
delivered  at  the  National  Bureau  of  Economic  Research  Conference  on  Measurement  of 
Economic  and  Social  Performance,  Princeton  University,  November  4-6,  1971,  mimeo.). 
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$560  billion  in  1965  (as  against  an  add-on,  for  example,  of  $627  billion 
to  the  NNP  of  $292  billion  in  1947). 

2.  They  also  add  in  almost  $80  billion  to  represent  the  stream  of  services  of 
private  and  public  capital  goods  (against  $37  billion  in  1947). 

3.  Their  subtractions  from  NNP  include  (a)  $95  billion  in  1965  (and  $32 
billion  in  1947)  representing  "regrettables"  like  police  services  and 
national  defense,  that  is,  intermediate  expenditures  that  are  really  costs, 
not  enjoyments,  of  an  advanced  industrial  society;  (b)  $91  billion  of 
capital  consumption  allowances  in  1965  (versus  $51  billion  in  1946)  and 
$101  billion  for  the  capital-widening  requirements  of  growth  in  1965 
(and  a  negative  $5  billion  in  1947);  and  (c)  an  allowance  of  $31  billion  in 
1965  (as  against  $11  billion  in  1947)  for  "disamenities"  or  "negative 
externalities"  representing  deterioration  of  the  environment. 

Having  made  these  heroic  adjustments,  they  concluded: 

There  is  no  evidence  to  support  the  claim  that  welfare  has  grown  less  rapidly 
than  NNP.  Rather,  NNP  seems  to  underestimate  the  gain  in  welfare,  chiefly 
because  of  its  omission  of  leisure  from  consumption.  Subject  to  the  limita- 
tions of  the  estimates,  we  conclude  that  the  economic  welfare  of  the  average 
American  has  been  growing  at  a  rate  that  doubles  every  30  years. '^ 
All  observers  agree  that  no  amount  of  adjustment  of  the  national  accounts 
can  capture  the  myriad  values  and  subtleties  that  are  required  to  measure  social 
welfare.  Indeed,  no  single  index  of  social  welfare  can  be  calculated,  because  we 
have  nothing  like  the  pricing  system  to  solve  the  impossible  problem  of  attaching 
weights  to  the  various  components,  be  they  pollution,  crime,  health,  discrimina- 
tion, or  whatever.  But  to  conclude  that  no  single  index  can  be  constructed  is  not 
to  undermine  or  discourage  the  efforts  to  develop  a  set  of  social  indicators,  not 
anchored  in  the  GNP  accounts,  that  will  permit  us  to  make  better  judgments  on 
advances  as  well  as  failures  in  social  performance. 

DIVERGENT  MODES  OF  THOUGHT 

Part  of  the  difficulty  in  achieving  a  meeting  of  the  minds  between  econ- 
omists and  ecologists  is  that  the  economist  tends  to  seek  optimality  by  selecting 
the  right  procedures— for  example,  forcing  the  producer  to  bear  the  cost  and  the 
consumer  to  pay  the  price  for  waste -disposal  access  to  the  environment,  thereby 
creating  incentives  to  abate  poUution-rather  than  prescribing  the  right  outcome, 
namely,  ending  or  drastically  curtaUing  pollution.  He  is  dedicated  to  that  out- 
come but  prefers  to  have  the  market  system,  rather  than  a  government  regulator, 
do  as  much  of  the  work  for  him  as  possible.  Whether  a  meeting  of  minds  will 

'^Nordhaus  and  Tobin,  "Is  Growth  Obsolete?" 
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evolve  remains  to  be  seen.  Moderates  in  both  camps  are  moving  toward  a  middle 
ground,  but  given  existing  attitudes,  I  doubt  that  full  accommodation  will  be 

easy. 

For  his  part,  the  ecologist  will  have  to  overcome  his  natural  impatience  with 
concepts  of  fine  balancing  of  costs  and  benefits,  an  impatience  that  probably 
grows  out  of  his  feelings  that  cost-benefit  analyses  lack  ethical  content  and 
moral  inputs  and  that  the  more  or  less  infinite  benefits  of  environmental  preser- 
vation make  refined  cost  calculations  more  or  less  irrelevant.  And  h^  rightly 
stresses  the  nonlinearity  of  the  cost  curves  of  waste  disposal  as  output  rises: 
no-cost  or  low-cost  in  the  early  stages  when  discharges  stay  well  within  the 
absorptive  capacity  of  the  environment,  then  rising  fairly  sharply  when  accumu- 
lation and  concentration  begin  to  exceed  that  capacity,  and  exponentially  when 
they  saturate  it. 

For  his  part,  the  economist  will  have  to  break  out  of  the  web  of  marginal 
cost-benefit  balance  in  cases  where  the  relevant  costs  and  benefits  can't  be 
captured  in  that  web.*^  Irreparable  damage-whether  to  human  health  by  arsenic 
and  lead  poisoning,  or  to  bald  eagles  by  DDT,  or  to  the  Alaskan  tundra  by  hot 
oil,  or  to  the  beauty  of  a  canyon  by  a  hydroelectric  dam-cannot  be  handled  by 
the  fine  tuning  of  marginalism.  Nor  is  this  approach  applicable  where  the  bene- 
fits are  short-run  and  calculable  while  costs  are  long-run  and  incalculable.  So  the 
economist  should  beware  of  forcing  onto  the  pricing  mechanism  jobs  that  it  will 
almost  surely  do  badly.  But  he  rightly  insists  that,  despite  these  limitations,  the 
cost-benefit  principle  is  applicable  to  a  very  broad  range  of  pollution  problems 
where  measurements  or  reasonable  approximations  are  possible. 

The  question  of  nonHnearity  is  a  tougher  one,  in  application  if  not  in  con- 
cept. Few  would  dispute  that  there  is  an  initial  zone  where  discharges  are  not 
pollutants,  because  they  are  well  within  the  regenerative  ability  of  land  and 
water  ecosystems  that  eliminate  waste  by  cycUng  it  through  plants  and  animals 
and  decomposers.  Nor  is  it  difficult  to  agree  that,  at  the  opposite  end,  costs  can 

'^The  combination  of  high-intensity  feed-grain  farming  with  a  high  concentration  of 
feedlots  for  livestock  near  urban  centers  may  be  a  case  in  point  The  feed-grain  farmer- 
using  chemical  fertilizers,  pesticides,  and  herbicides  that  increase  both  feed-grain  yields  and 
the  nutrient  runoff  that  ruins  surrounding  waters-has  been  able  to  bring  feed-grain  prices 
down  to  a  level  that  makes  the  concentrated  feedlots  profitable.  They,  in  turn,  discharge 
staggering  quantities  of  animal  wastes  into  urban  sewage  systems  or  onto  the  surrounding 
land  and  water.  If  some  way  is  found  of  forcing  the  cost  of  this  discharge  back  onto  these 
"animal  factories,"  the  marginalist's  reaction  may  be  to  invest  in  expensive  equipment  to 
recycle  the  wastes  back  to  the  land  as  substitutes  for  the  present  chemical  fertilizers.  But  it 
is  quite  possible  that  the  high-technology  approach  that  is  likely  to  result  from  marginal 
cost-marginal  benefit  thinking  'atU  be  the  more  costly  one.  The  optimal  solution  may  be  to 
decentralize,  to  go  back  to  the  more  primitive  recycling  process  of  putting  the  cattle  back 
on  grazing  land  where  they  can  turn  forage  into  waste  available  as  substitutes  for  chemical 
fertilizers.  (On  the  other  hand,  if  some  agricultural  economists  are  right  in  their  belief  that 
the  animal  factories  are  "economic"  only  because  they  do  not  have  to  absorb  the  costs  of 
waste  disposal,  even  the  marginal  approach  may  do  the  trick.) 
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rise  exponentially  and  ecocycles  can  be  destroyed  by  overloading  waters  with 
nutrients,  the  atmosphere  with  noxious  gases  and  particulate  matter,  and  so  on. 

It  is  in  the  middle  zone  that  things  get  sticky.  An  economist  tends  to  believe 
that  the  zone  of  gradual  and  roughly  linear  rise  in  environmental  damage  is 
broad  and  that  it  widens— that  the  cost  curve  moves  to  the  right— especially  when 
the  impetus  of  full-cost  pricing  moves  science  and  technology  to  devise  and  put 
in  place  new  techniques  of  waste  disposal  and  recycling.  Where  the  zone  of 
tolerance  or  reasonable  cost  is  very  limited,  as  in  the  case  of  mercury,  margin- 
alism obviously  won't  do.  The  total  or  near-total  ban  is  the  only  remedy. 
Whether  mercury  is  a  proxy  for  just  a  handful  of  cases  or  the  forerunner  of  an 
exponential  rise  in  contamination  of  the  earth,  land  surface,  air  mass,  and  water- 
ways, will  determine  in  good  part  our  relative  reliance  on  total-ban  versus 
marginal-adjustment  approaches  to  environmental  action. 

The  economist  is  inclined  to  doubt  that  such  cases  will  multiply  rapidly. 
Past  demonstrations  of  the  capacity  of  our  economy,  our  technology,  and  our 
institutions. to  adapt  and  adjust  to  changing  circumstances  and  shocks  are  im- 
pressive. We  are  still  in  the  early  stages  of  identifying,  quantifying,  and  reacting 
to  the  multiple  threats  to  our  environment.  It  may  be  that  we  are  too  quick  in 
accepting  the  concept  of  finite  limits  and  closing  physical  frontiers  implicit  in 
the  concept  of  spaceship  earth  (dramatized  by  Kenneth  Boulding).'^  At  least 
two  previous  episodes  in  U.S.  history  come  to  mind  to  suggest  that  we  may  yet 
escape  (or  push  into  the  remote  future)  the  ultimate  biophysical  limits,  may  yet 
be  able  to  turn  the  ecological  dials  back  from  the  "self-destruct"  position  with- 
out stopping  growth  in  output,  energy,  technology,  and  Hving  standards. 

The  first  was  the  closing  of  America's  geographical  frontiers,  which  allegedly 
robbed  this  country  of  much  of  its  mobility  and  dynamism.  But  other  frontiers- 
scientific,  technological,  economic— soon  opened  up  new  vistas  and  opportu- 
nities, new  frontiers  that  far  surpassed  any  physical  frontiers. 

The  second  episode  is  much  more  recent.  We  do  not  need  to  stretch  our 
memories  very  far  to  recall  the  great  furor  some  twenty  or  twenty -five  years  ago 
about  "running  out  of  resources,"  especially  energy,  mineral,  and  other  natural 
resources.  We  were  being  told  by  presidential  commissions  that  we  were  about  to 
exhaust  our  supplies  of  mineral  resources  and  the  productive  potential  of  our 
agricultural  land.' But  as  we  now  know,  intensive  scientific  research  and  techno- 
logical development— responding  partly  to  the  alarums  that  were  sounded  but 
mostly  to  the  signals  sent  out  by  the  pricing  system— resulted  in  the  upgrading  of 
old  resources,  the  discovery  of  new  ones,  the  development  of  substitutes,  and 
the  apphcation  of  more  efficient  ways  of  utilizing  available  resources  and  adjust- 
ing to  changes  in  relative  availabilities. 

*^Kenneth  Boulding,  "The  Economics  of  the  Coming  Spaceship  Earth,"  in  Henry 
Jarrett,  ed.,  Environmental  Quality  in  a  Growing  Economy  (Johns  Hopkins  Press  for 
Resources  for  the  Future,  1966). 
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Today,  the  problem  is  less  one  of  limited  resource  availability  and  more  one 
of  growing  threats  to  environmental  quality  and  the  metabolism  of  the  bio- 
sphere. Concentrations  of  toxic  and  nondegradable  wastes  pose  a  mounting 
problem.  But  at  this  relatively  early  stage  of  our  environmental  experience  and 
awareness,  it  seems  premature  to  conclude  that  mounting  problems  are  insur- 
mountable. As  our  new  knowledge  and  concern  are  translated  into  changes  in 
our  institutional  arrangements  and  cost-price  structure,  strong  incentives  will  be 
generated  to  redirect  production  and  technology  into  less  destructive  chanijels. 

Letting  imagination  soar  a  bit,  one  can  conceive  of  scientific  and  technologi- 
cal discoveries  enabling  us  to  exploit  solar  energy,  at  least  for  purposes  of  photo- 
synthesis, and  perhaps  even  to  build  a  proxy  for  the  sun  in  the  form  of  fusion 
power  sometime  in  the  next  half  century  or  so.  Such  developments  might  well 
provide  the  key  to  unlock  the  doors  that  the  ecologist  tells  us  are  closing  all 
around  us.  One  gallon  of  water  would  give  us  the  energy  we  now  get  from  seven 
barrels  of  crude  oil.  Electricity  would  be  penny  cheap  but  no  longer  pound 
fooUsh.  The  recycling  of  wastes  would  be  routine.  The  reconstituting  of  natural 
resources  would  come  into  the  realm  of  the  possible.  I  do  not  assert  that  this  will 
happen,  only  that  it  may. 

Coming  back  to  our  own  era  and  moving  from  the  global  to  the  local  impact 
of  our  environmental  debauchery,  one  can  also  base  some  hope  on  the  benign 
examples  of  what  determination  plus  the  application  of  fairly  modest  resources 
can  do  in  reclaiming  resources  that  once  seemed  beyond  redemption.  Striking 
examples  are  provided  by  the  reclaiming  of  San  Diego  Bay,  Lake  Washington  in 
Seattle,  and  the  Thames  near  London  (where  dolphins  again  froUc).  These  ex- 
amples are  hardly  decisive,  but  they  offer  a  significant  demonstration,  in 
microcosm,  that  the  process  of  ecological  destruction  can  be  halted  and  reversed 
once  the  volume  of  pollutants  is  reduced  below  the  level  of  natural  regeneration 
or  dispersal.  One  should  add  that  no  rounded  judgment  is  possible  without 
taking  into  account  whether  pollution  was  curbed  by  recycling  and  changing 
waste  into  harmless  forms  or  simply  by  redirecting  the  flows  and  discharging 
wastes  into  some  other  harmful  form.  The  economist  who  lives  by  cost-benefit 
analysis  must  occasionally  die  by  it. 

Implicit  in  the  foregoing  discussion  is  that  much  of  the  difference  between 
economists  and  ecologists  on  the  speed  and  certainty  of  our  descent  into  envi- 
ronmental hell  rests  in  their  divergent  views  on  the  role  of  technology.  The 
ecologist  sees  pollution-intensive  technology  at  the  core  of  a  mindless  pursuit  of 
economic  growth.  The  economist  points  to  the  frequency  of  an  inverse  relation- 
ship between  technological  advance  and  pollution,  as  in  materials-conserving  and 
waste-recycling  technology.  And  by  institutional  changes-such  as  creating  prop- 
erty rights  in,  and  charging  for  the  use  of,  our  collectively  owned  air,  water,  and 
landscape-he  believes  that  technology  will  become  ever  more  mindful  of  the 
environment.  i 
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What  is  important  to  note  here  is  that  the  dichotomy  runs  much  deeper  than 
a  disagreement  on  facts.  For  even  if  we  accept  Barry  Commoner's  verdict  that 
the  technology  accompanying  U.S.  growth  is  the  Frankenstein  that  is  destroying 
our  environment,  there  remains  the  critical  operational  question:  Is  this  tech- 
nology autonomous  and  out  of  control,  an  inevitable  concomitant  of  growth?'^ 
Or  does  progress  in  science  and  technology  respond  to  social  and  economic 
forces?  If  so,  can  it  be  bent  to  our  will? 

An  affirmative  answer  to  the  last  two  questions  is  gaining  support  in  recent 
investigations.  The  direction  of  technical  changes  in  the  private  sector  as  well  as 
the  emphasis  of  research  in  the  public  sector  are  shown  to  respond  to  differences 
in  the  relative  prices  of  resource  endowments  and  other  factors  of  production. ^^ 
For  decades  the  pattern  of  technical  change  has  been  biased  in  tlie  direction  of 
excessive  production  of  residuals  by  zero-pricing  or  underpricing  tlie  use  of  the 
environment  into  which  they  are  dumped.  It  follows  that  assessing  the  appro- 
priate charges  for  waste  disposal  (and  putting  the  right  prices  on  resource  ameni- 
ties) will  not  only  improve  the  pattern  of  production  to  the  benefit  of  the 
environment  but  will  also  stimulate  pollution-abating  technology.  Indeed,  as 
relative  prices  are  changed  to  reflect  real  economic  and  social  costs,  the  longer- 
run  impact  on  the  direction  of  technological  effort  may  be  considerably  more 
important  than  the  short-run  resource  allocation  effects. ^° 

As  the  biases  in  the  cost  and  pricing  system  that  make  pollution  profitable 
are  diminished  or  eliminated,  we  may  well  find  more  technical  complementar- 
ities than  our  limited  experience  leads  us  to  think.  Making  pollution  abatement 
mandatory  by  regulation  or  making  continued  pollution  painfully  costly  by 
waste  disposal  charges  will  create  a  sharp  spur  to  pollution-abatement  tech- 
nology. The  relevant  technology  will  no  longer  be  treated  on  a  corrective,  band- 
aid,  and  after-thought  basis,  an  approach  that  is  likely  to  be  inefficient  and 
costly.  Instead,  it  will  be  done  on  a  preventive,  built-in,  and  advanced-planning 
basis.  Heartening  examples  of  making  virtue  out  of  necessity  in  the  form  of 
profitable  recycUng  aheady  abound.  And  as  economic  growth  leads  to  the  re- 

18 

One  economist  who  answers  in  the  affirmative  is  E.  J.  Mishan,  who  says:  "As  a 
collective  enterprise,  science  has  no  more  social  conscience  than  the  problem-solving  com- 
puters it  employs.  Indeed,  like  some  ponderous  multi-purpose  robot  that  is  powered  by  its 

own  insatiable  curiosity,  science  lurches  onward "  {Technology  and  Growth:  The  Price 

We  Pay  [Praeger,  1970] ,  p.  129). 

19 
See,  for  example,  Jacob  Schmookler,  Invention  and  Economic  Growth  (Harvard  Uni- 
versity Press,  1966),  a  searching  study  of  inventive  activity  in  which  Schmookler  concluded 
that  the  greater  part  of  technical  change  in  the  United  States  has  been  a  response  to 
technical  problems  or  opportunities  perceived  in  economic  terms. 

20 

I  am  indebted  to  my  colleague,  Vernon  W.  Ruttan,  for  this  Une  of  thought.  He 
develops  and  documents  his  thesis  at  length  in  "Technology  and  tlie  Environment,"  the 
Presidential  Address  delivered  before  the  American  Agricultural  Economics  Association, 
August  16,  1971,  to  be  published  in  a  forthcoming  issue  of  the  American  Journal  of 
Agricultural  Economics. 
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placement  of  old  processes,  equipment,  and  plants  with  new  ones,  it  will  hasten 
the  change  to  cleaner  and  healthier  methods  of  production. 

This  brings  me  back  to  an  earlier  theme.  In  the  past,  the  market  mechanism 
(with  some  assistance  from  government  inducements,  incentives,  and  research 
and  development  investments)  altered  the  technical  coefficients  for  traditional 
natural  resources  Hke  coal,  iron,  and  oil  in  response  to  the  signals  sent  out  by  the 
pricing  mechanism.  Those  resources  were  conserved,  while  the  ones  that  were 
largely  left  out  of  the  pricing  mechanism  suffered.  If  prices  are  put  on  them  now 
by  internalizing  the  external  costs  of  air,  water,  quiet,  and  landscape,  it  seems 
reasonable  to  assume  that  the  market  mechanism  will  cause  new  shifts  in  re- 
source use  and  technology  leading  us  to  conserve  these  resources  and  let  Space- 
ship Earth  cruise  on  a  good  deal  longer. 

THE  SEARCH  FOR  SOLUTIONS 

Although  ecologists  and  economists  are  not  likely  to  agree  on  precisely  how 
far  the  battle  against  pollution  should  be  pushed— on  how  many  social  and 
material  goods  should  be  given  up  to  overcome  environmental  "bads"— one  per- 
ceives some  early  signs  of  convergence  on  the  policy  approaches  and  instruments 
that  should  be  used  in  that  battle.  When  Barry  Commoner  traces  much  of  our 
trouble  to  the  fact  that  "pollution  pays"  (or  at  least  that  pollution-intensive 
technology  pays)  and  seven  environmental  organizations  form  the  Coalition  to 
Tax  Pollution,  economists  and  environmentalists  are  beginning  to  get  on  the 
same  policy  wave-length.^* 

A  greater  measure  of  agreement  on  the  direction  of  environmental  policy 
action  need  not  and  indeed  does  not  imply  agreement  on  ultimate  goals,  i.e., 
what  level  of  pollution  is  tolerable.  First,  the  ecologist  is  more  conscious  of,  and 
gives  more  credence  and  weight  to,  pollution's  hazards  to  health,  life,  and  eco- 
systems. Second,  the  working  environmentalist  places  a  very  high  value  on  the 
aesthetics  and  amenities  of  the  environment-he  is  willing  to  pay  a  higher  price 
and  a  higher  percentage  of  his  income  for  a  high-quahty  environment  than  is  the 
population  as  a  whole. 

However  strongly  the  economist  may  be  committed  personally  to  the  envi- 
ronmental cause,  he  tends,  first,  to  put  relatively  more  weight  on  dangers  arising 
from  the  social  environment.  He  puts  more  emphasis  on  the  trade-offs  between 
environmental  and  social  progress,  perhaps  regarding  environmental  deteriora- 
tion as  more  reversible  than  social  deterioration.  Second,  as  an  economist,  he 
feels  more  bound  by  society's,  than  by  his  own,  value  judgment  as  to  the 
desirable  level  of  environmental  quality,  i.e.,  the  permissible  level  of  pollution. 

21 

In  July  1971,  the  Coalition  to  Tax  Pollution  was  formed  by  Environmental  Action, 

Inc.,  The  Federation  of  American  Scientists,  Friends  of  the  Earth,  Metropolitan  Washington 

Coahtion  for  Qean  Air,  the  Sierra  Club,  The  Wilderness  Society,  and  Zero  Population 

Growth.  Their  first  target  is  the  enactment  of  an  effective  tax  on  sulfur  oxide  emissions. 
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A  third  kind  of  difference  in  objectives  or  focus  arises  out  of  the  conflicting 
roles  of  economic  growth  as  both  a  generator  of  pollution  and  a  source  of 
weapons  to  fight  it.  The  ecologist  tends  to  concentrate  on  the  scarcity  of  physi- 
cal and  natural  resources  in  the  earth's  skin  and  its  limited  supply  of  fossil  fuels, 
metals,  clean  air,  and  water.  The  economist  focuses  on  the  scarcity  of  total 
resources,  of  the  total  supply  of  goods  and  services  available  in  consumable 
form.  Not  surprisingly,  then,  the  ecologist  sees  growth  and  the  technology 
underlying  it  mainly  as  a  part  of  the  problem.  The  economist,  viewing  the  huge 
costs  and  difficulties  of  redirecting  resources  to  rescue  the  envirorunent,  regards 
the  bounties  of  growth  as  a  vital  part  of  the  solution. 

I  cannot  attempt  here  anything  like  a  thorough  appraisal  of  the  various 
components  of  a  program  to  overcome  pollution.  But  neither  can  I  resist  making 
some  selected  observations  on  the  approaches  the  nation  needs  to  take.  For  if  we 
are  indeed  to  make  economic  growth  our  environmental  servant,  not  our  master, 
we  have  to  translate  general  principles  and  values  into  operational  specifics  with- 
out delay. 

Government  Expenditures 

There  is  Httle  disagreement  among  students  of  the  environmental  problem, 
of  whatever  discipline,  that  government  has  a  vital  direct  role  to  play  in  (1) 
providing  public  sewage  disposal  facilities;  (2)  cleaning  up  the  no-man's  land  of 
past  pollution  whose  costs  can  no  longer  be  internalized;  (3)  preserving  park, 
forest,  and  wilderness  space;  (4)  relieving  congestion;  (5)  developing  pollution- 
monitoring  devices;  and  (6)  financing  research  in  the  techniques  of  pollution 
abatement  and  environmental  protection. 

Research  in  specific  anti-pollution  techniques  and,  more  broadly,  in  pollu- 
tion-averting technology  is  a  particularly  appropriate  object  of  public  sector 
support.  Such  research  tends  to  be  very  costly.  Since  its  benefits  are  largely 
external— much  of  the  gain  spills  over  to  the  benefit  of  other  productive  units 
and  to  future  generations— private  units  are  often  unwilling  or  unable  to  incur  its 
costs.  In  the  energy  field,  the  development  of  controlled  thermonuclear  fusion 
and  of  new  methods  to  exploit  solar  energy  fit  into  this  category.  Only  govern- 
ment has  the  resources  and  the  perspective  to  determine  whether  and  how  we 
can  harness  such  energy  sources. 

In  programming  its  own  resource-using  expenditures,  government  should  also 
set  an  example  by  plugging  in  the  implicit  environmental  costs.  Military  and 
space  efforts,  for  example,  are  voracious  consumers  of  energy  and  materials.  This 
heavy  draught  on  our  physical  environment  should  be  given  full  weight  in  the 
cost-benefit  calculations.  We  would  find,  I  believe,  that  redirecting  technical 
efforts  and  resources  away  from  military  and  related  space  enterprises  would 
have  a  high  environmental  payoff. 

One  should  also  underscore  the  need  for  sophisticated  monitoring  devices, 
both  to  measure  waste  and  heat  discharges  and  to  measure  the  damage  they  do. 
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Emissions  of  noxious  gases,  particulate  matter,  heat,  and  other  effluents  must  be 
measured  as  a  basis  for  administering  either  regulations  or  effluent  charges.  Yet 
the  amount  of  any  given  discharge  into  the  air,  for  example,  tells  us  little  about 
its  actual  cost.  Even  if  we  can  measure  the  total  load  of  gas  and  smog  carried  by 
the  ambient  air  in  a  region,  this  does  not  tell  us  what  costs  are  inflicted  on  things 
and  people.  To  the  extent  possible,  then,  costs  of  corrosion  of  metal  surfaces, 
deteriorated  property  values,  damage  to  painted  surfaces,  impairment  of  health, 
and  so  on  must  be  measured. 

Even  then,  we  have  only  begun  to  measure  the  costs  of  pollution  and  the 
benefits  we  will  enjoy  from  curtailing  it.  What  about  cleaning  and  air  condition- 
ing bills,  smarting  eyes,  loss  of  wildlife  and  recreational  space,  not  to  mention 
the  subtle  inroads  on  ecocycles?  Even  if  we  could  measure  these,  we  can  at  best 
only  approximate,  perhaps  by  polling  techniques,  the  subjective  values  attached 
to  clean  water  and  air  and  quiet  surroundings. 

Balanced  against  the  benefits  must  be  an  appraisal  of  the  costs  of  installing 
anti-pollution  machinery  and  processes  or  altering  production  techniques  to 
overcome  pollution.  On  these,  we  are  getting  more  quantitative  data  and  expe- 
rience every  day  as  we  intensify  anti-pollution  efforts.  In  devising  specific  pro- 
grams to  restore  the  environment,  we  must  be  keenly  aware  of  (1)  the  need  for 
improved  cost  and  benefit  information,  and  (2)  the  importance  of  designing 
programs  that  take  realistic  account  of  our  limited  knowledge  of  actual  costs  and 
benefits. 

Regulations  and  Charges  '/'/■.,    ,; 

As  already  mentioned,  direct  regulation  and  prohibition  are  instruments  for 
environmental  protection  that  must  be  used  where  intolerable  dangers  to  health 
and  life  are  involved  or  where  irreversible  and  infinite  damage  to  the  environ- 
ment is  threatened.  Also,  a  combination  of  regulations  and  user  charges^^  may 
be  the  best  way  to  go  about  certain  pollution  control  problems,  especially  during 
a  transitional  period.  For  example,  an  absolute  limit  on  emissions  might  be 
established  by  regulation  to  prevent  really  dangerous  abuses  of  air  or  water  at 
the  same  time  that  a  uniform  tax  per  unit  of  discharge  is  imposed  as  the  main 
anti-pollution  instrument.  By  and  large,  however,  economists  strongly  prefer 
taxes  and  user  charges  to  direct  regulation  on  at  least  four  grounds. 

First,  the  regulatory  power  is  often  slow  and  cumbersome.  By  the  time 
regulations  are  designed  and  applied,  and  then  enforced  through  prolonged  and 
costly  court  proceedings,  much  of  the  battle  is  lost. 

Second,  under  the  unrelenting  pressure  of  producing  units  to  internalize 
benefits  and  externalize  costs,  regulators  bend  more  readily  than  tax  collectors. 

^^  Robert  M.  Solow  has  been  particularly  instructive  on  the  subject  of  regulations  and 
subsidies  versus  taxes  in  "The  Economists'  Approach  to  Pollution,"  his  vice-presidential 
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Since  the  large  and  powerful  can  exercise  far  greater  pressure  than  the  small  and 
weak,  the  impersonal  and  objective  approach  implicit  in  a  tax  per  unit  of  dis- 
charge provides  a  fairer  competitive  environment.  And  for  both  large  and  small 
producers,  it  is  a  far  healthier  incentive  atmosphere  when  energies  are  devoted, 
not  to  out-maneuvering  the  regulators,  but  to  reducing  pollution  taxes  by  re- 
ducing pollution. 

Third,  fees  or  taxes  accomplish  any  desired  level  of  pollution  abatement 
more  cheaply  than  regulation.  Reduce  sulfur  oxide  pollution  by  a  ban  on  emis- 
sions in  excess  of  a  certain  amount,  and  all  emitters  have  to  conform  to  the 
regulation,  even  though  the  cost  per  unit  of  reduction  will  be  far  higher  for  some 
producers  than  for  others.  But  put  a  tax  on  the  emissions— a  proportional  or 
progressive  penalty  on  discharges  of  sulfur  oxide-and  the  factories  that  use 
processes  conducive  to  low-cost  cutbacks  of  pollution  will  reduce  emissions 
more  than  those  for  whom  it  is  a  high-cost  undertaking.  Any  prescribed  quality 
of  ambient  air  can  be  achieved  at  a  lower  cost  through  the  proportional  charge 
approach  than  through  an  arbitrary  limit.  And  the  incentive  to  depollute  does 
not  stop  at  some  arbitrary  cutoff  point-the  more  pollution  is  cut,  the  lower  the 
tax. 

Fourth,  by  decentralizing  some  of  the  decision  making  and  leaving  discretion 
in  the  hands  of  the  individual  poUuter  to  decide  how  far  to  go  and  what  methods 
to  use  in  minimizing  his  payments  to  the  government,  the  tax  or  charge  ap- 
proach does  not  require  as  much  centralized  information.  Also,  the  process  of 
collecting  the  tax  or  charge  will  itself  yield  additional  information- and  the  level 
of  the  tax  or  charge  can  be  fairly  readily  adjusted  in  the  Ught  of  the  new 
information.  In  a  field  beset  by  large  factual  gaps  and  uncertainties,  this  econ- 
omizing of  information  is  no  small  advantage. 

The  tax  or  charge  is  also  far  superior  to  the  subsidy  approach,  which  has  two 
damning  flaws.  First,  in  its  usual  form-fast  tax  write-offs  or  direct  subsidies  for 
installation  of  pollution  control  equipment— it  is  a  very  costly  way  to  stop 
pollution.  In  effect,  it  prescribes  a  particular  way  of  doing  the  job,  i.e.,  through 
waste  treatment  facilities,  when  there  might  be  considerably  cheaper  ways  of 
doing  it,  e.g.,  modifying  production  techniques,  substituting  less  toxic  for  more 
toxic  materials,  recycling  wastes,  relocating  production,  and  so  on.  Moreover, 
since  the  alternative  is  free  use  of  the  air  and  water  for  waste  disposal,  the 
subsidy  may  have  to  cover  the  full  cost  of  abatement  before  the  producer  will 
accept  it.  The  second  flaw  is  found  in  the  very  nature  of  the  subsidy.  The 
subsidy  does  not  internalize  the  costs,  but  simply  shifts  them  from  one  segment 
of  the  public-the  users  of  foul  air  and  water-to  another  segment,  the  general 
taxpayer. 


address  to  Section  K  of  the  American  Association  for  the  Advancement  of  Science,  at  the 
annual  meeting  in  Chicago,  December  1970,  An  adaptation  of  the  address  was  published  in 
Science,  August  6,  1971. 
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What  kind  of  a  system  of  taxes  or  user  charges  would  be  most  effective? 
Fortunately,  this  question  is  engaging  the  energies  and  ingenuity  of  many  econ- 
omists today.  Effluent  charges,  taxes,  auctioning  of  pollution  rights,  materials- 
use  fees— these  are  a  few  of  the  entries.  The  effluent  fee,  charge,  or  tax  would 
simply  charge  so-and-so-much  per  unit  of  pollutant.  The  Coalition  to  Tax  Pollu- 
tion, for  example,  would  tax  sulfur  emissions  at  20  cents  a  pound  by  1975, 
arriving  at  this  level  via  four  annual  5-cent  steps.^^ 

Another  approach  is  to  determine  the  permissible  level  of  air  or  water  pollu- 
tion, issue  certificates  to  pollute  in  this  amount,  and  auction  them  off  to  the 
highest  bidders.  Competitive  bidding  for  the  certificates  would  raise  the  cost  of 
pollution  so  high  as  to  create  a  strong  incentive  to  depollute.^ 

An  intriguing  proposal  to  impose  a  comprehensive  materials-use  fee  has  re- 
cently been  made  by  Edwin  Mills.  He  would  charge  a  materials-use  fee  to  the 
original  producer  or  importer  of  specified  materials  removed  from  the  environ- 
ment. The  level  of  the  fee  would  be  set  high  enough  to  cover  the  social  cost  of 
the  most  harmful  way  in  which  the  material  would  normally  be  discharged  into 
the  environment.  To  the  degree  that  the  actual  waste  disposal  was  less  harmful 
than  the  maximum,  the  fee  would  be  refunded.  Mills's  proposal,  though  hardly 
operational  in  its  present  form,  has  the  advantage  of  focusing  on  the  total 
problem  of  materials  disposal  and  making  a  comprehensive  correction  for  the 
divergence  between  social  costs  and  private  costs." 

As  a  guide  to  thinking,  the  Mills  proposal  is  particularly  helpful  because  it 
underscores  the  fact  that  not  just  the  level  of  output  but  the  form  of  our 
technology  and  the  nature  of  our  disposal  processes  are  important  in  deter- 
mining the  environmental  impact  of  economic  growth.  True,  as  Allen  Kneese 
notes,  the  physical  law  of  the  conservation  of  mass  means  that  we  don't  really 
consume  things  in  any  ultimate  sense.  We  simply  change  them  from  usables  to 
residuals. ^^  But  even  a  growing  mass  of  residuals  can  leave  less  and  less  pollution 
in  its  wake  if  we  succeed  in  changing  the  form,  the  degree  of  recycling,  the 
location,  and  the  durability  of  those  residuals  in  a  constructive  way.  Under 
present  institutional  arrangements,  the  price  system  is  rigged  against  constructive 

^^In  its  release  on  the  subject  (Washington,  D.C.,  July  22.  1971)  the  Coalition  said:  "We 
believe  that  pollution  taxes  are  a  much-needed  tactic  to  combat  pollution.  It  will  be  neces- 
sary to  make  the  economic  self-interest  of  polluters  consistent  with  the  goal  of  a  clean 
environment  if  we  are  to  achieve  this  objective.  Pollution  taxes,  unique  among  pollution 
control  strategies,  accomplish  this." 

^'^See  J.  H.  Dales,  Pollution,  Property,  and  Prices  (University  of  Toronto  Press,  1968); 
and  the  discussion  in  Economic  Report  of  the  President,  February  1971,  pp.  1 14-22. 

25 

Edwin  £.  Mills,  "User  Fees  and  the  Quality  of  the  Environment,"  an  essay  to  be 
pubUshed  in  a  volume  honoring  Richard  A.  Musgrave,  which  will  be  edited  by  Wairen  Smith, 
Department  of  Economics,  University  of  Michigan. 

Allen  V.  Kneese,  "Environmental  Pollution:  Economics  and  Policy,"  in  American 
Economic  Association,  Papers  and  Proceedings  (May  1971). 
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disposal.  Once  we  redress  the  balance,  it  will  be  financially  advantageous  to 
minimize  the  burden  of  residuals  on  the  environment.^^ 

Before  leaving  the  subject  of  charges  and  taxes,  I  should  record  several 
caveats  and  reminders.  Even  after  we  have  devised  workable  techniques  of  in- 
ternalizing the  external  costs  of  pollution,  we  still  have  to  resolve  a  very  difficult 
problem  of  choice.  It  is  one  in  which  the  obvious  and  reasonably  measurable 
costs  of  overcoming  pollution  are  set  against  benefits  that  are  in  large  part 
intangible  and  unmeasurable.  The  social  cost  of  upgrading  the  quality  of  air  or 
water  is,  if  not  yet  known,  at  least  knowable.  The  social  benefit  of  an  additional 
unit  of  water  or  air  quaUty  is  in  large  part  in  the  realm  of  values  and  hence 
unknowable.  That  does  not,  however,  make  the  choice  in  any  sense  unique.  Like 
many  other  social  choices,  it  has  to  be  made  through  the  political  process. 
Science  can  develop  solutions  and  inform  the  political  process,  but  it  cannot 
dictate  the  answers. 

Further,  in  setting  up  any  system  of  charges,  we  should  not  overlook  the 
potential  for  large-scale  economies  through  collective  methods  of  industrial 
waste  disposal  and  recycling.  We  already  do  it  in  the  treatment  of  municipal 
sewage.  Perhaps  there  are  opportunities  for  gathering  liquid  effluents,  and  pos- 
sibly even  smoke  emissions,  into  central  depoUution  and  recycling  facilities  that 
would  cost  materially  less  per  unit  of  output  than  handling  them  on  a  plant-by- 
plant  basis.  (The  use  of  a  Rhine  tributary  in  this  way  is  one  case  in  point.)  If  it  is 
kept  in  mind  that  the  objective  is  to  get  the  full  costs  of  environmental  use  into 
the  prices  that  consumers  pay-and  at  the  same  time  to  cut  those  costs-rather 
than  to  force  costs  on  individual  producers,  the  net  cost  of  pollution  control 
may  be  reduced  substantially. 

The  potential  of  other  forms  of  institutional  change  should  also  be  explored. 
For  example,  in  seeking  to  minimize  the  intrusion  on  the  environment  associated 
with  the  production  of  energy,  we  should  look  not  just  at  cleaner  sources  but  at 
more  efficient  uses.  Electricity  is  one  of  the  most  rapidly  increasing  uses  of 
energy,  yet  we  dump  about  two-thirds  of  the  heat  into  the  environment,  using 
only  one-third  in  constructive  application.  If  we  can  develop  complementarities 
through  the  joint  production  of  steam  and  electricity  for  space  heating  and 
water  heating  .and  air  conditioning,  we  could  reduce  both  the  energy  costs  and 
the  related  capital  costs.  The  problem  is  institutional.  The  way  the  relevant 
industries  are  regulated  and  the  products  are  priced,  joint  production  is  not 

For  illuminating  discussions  of  the  role  of  the  pricing  system  and  means  of  putting  it 
to  work  in  preserving  the  environment,  see  the  papers  by  Solow,  Ruttan,  and  Mills  already 
cited,  as  well  as  the  article  by  Larry  E.  Ruff,  "The  Economic  Common  Sense  of  Pollution," 
The  Public  Interest,  Spring  1970,  pp.  69-85;  R.  U.  Ayres  and  A.  V.  Kneese,  "Production, 
Consumption  and  Externalities,"  American  Economic  Review,  June  1969,  pp.  282-97;  and 
Hendrik  S.  Houthakker,  "The  Economy  and  the  Environment"  (remarks  before  the  Cleve- 
land Business  Economists  Club,  April  19,  1971,  available  as  a  mimeographed  release  by  the 
Council  of  Economic  Advisers,  Washington,  D.C.). 
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interesting.  Moreover,  we  have  the  wrong  urban  design  for  the  purpose.  As  it 
happens,  what  we  need  for  efficient  heat  and  energy  use  is  also  optimal  for 
transportation  and  communication.  Whether  we  would  tolerate  the  drastic 
changes  in  zoning  ordinances  and  the  degree  of  central  planning  that  would  be 
required  to  achieve  the  potential  complementarities  and  economies  is  very 
doubtful.  But  we  should  not  ignore  the  possibilities.^* 

It  should  also  be  recognized  that  anything  short  of  a  comprehensive  system 
of  materials-use  fees  will  require  taxes  not  just  on  discharges  from  productive 
processes  but  also  on  the  purchases  of  products  whose  use  inflicts  injury  on  the 
environment.  The  case  of  herbicides  and  pesticides  is  most  directly  in  point. 
Levying  taxes  on  the  sale  of  these  products  will  bring  their  use  more  in  line  with 
total  social  costs.  And  it  will  produce  revenue  to  help  government  cleanse  the 
water  of  eutrophying  residuals. 

Removing  Existing  Governmental  Subsidies  to  Pollution 

Finally,  as  we  work  to  terminate  the  subsidies  that  are  implicit  in  our  failure 
to  charge  for  fouling  the  environment  with  Hquid,  solid,  gaseous,  and  thermal 
wastes,  we  should  also  work  to  end  the  huge  explicit  subsidies  in  existing  govern- 
ment programs  that  have  the  same  effects,  namely,  to  overstimulate  high- 
pollution  processes  and  technology,  overproduce  many  products,  and  over- 
exploit  natural  resources.  Agricultural  subsidy  programs  that  idle  good  land, 
with  consequent  chemical  "overkill"  to  force  more  output  from  the  remaining 
land,  are  one  obvious  example.  Some  aspects  of  transport  regulation  fall  under  a 
similar  shadow. 

But  the  most  flagrant  example  is  provided  by  our  tax  system.  To  continue 
stimulating  the  overexploitation  of  oil,  coal,  timber,  and  every  mineral  from  iron 
to  vermiculite  and  spodumene  by  big  tax  subsidies  in  the  form  of  excessive 
depletion  allowances,  capital  gains  shelters,  and  special  deductions  becomes  ever 
more  anomalous.  Here  is  another  case  where  the  believers  in  the  market-pricing 
system  ought  to  live  by  it.  The  pubHc  is  subsidizing  these  industries  at  least 
twice— once  by  rich  tax  bounties  and  once  by  cost-free  or  below-cost  discharge 
of  waste  and  heat. 

Far  from  stimulating  conservation  and  rational  use  of  fossil  fuels,  both  the 
form  and  the  price  impact  of  the  tax  preferences  work  the  wrong  way.  In  the 
case  of  oil,  neither  the  percentage  depletion  allowances  nor  the  deductions  for 
intangible  drilling  and  development  costs  offer  any  incentive  to  more  efficient 
and  thorough  exploitation  of  oil  in  the  ground,  no  premium  for  fuller  recovery 
of  the  potential  oil  in  the  well.  And  since  much  of  the  subsidy  is  reflected  in 
higher  prices  of  oil  lands  and  lower  prices  of  oil  products,  economic  incentives 
for  full  use  of  the  available  technology  to  achieve  higher  recovery  ratios  are  once 
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My  colleague,  Ralph  Hofmcister,  provided  the  foregoing  example. 
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again  reduced.  Adding  to  the  diseconomies  are  refinery  discharges  of  effluents 
into  the  air  and  water,  tanker  flushings  and  spillages,  offshore  oil  well  fires  and 
spills,  all  of  which  inflict  costs  on  the  general  pubUc  and  do  not  now  find  their 
way  into  the  costs  of  production.  The  net  result  is  to  underprice  and  overpro- 
duce petroleum  products  and  the  energy  derived  from  them.  (It  should  be  noted 
that  oil  import  quotas  work,  uneconomically,  in  the  opposite  direction,  as  do 
the  tight  oil  allowables  set  by  state  regulatory  commissions.) 

Coal  is  another  case  in  point.  Its  capital  gains  and  percentage  depletion 
preferences,  while  less  flagrant  than  in  the  case  of  oil  and  gas,  cut  the  price  of 
mining  coal  below  its  social  costs  and  hence  speed  up  the  rate  of  exploitation. 
The  entire  polluting  sequence— from  the  strip  mining  that  scores  the  land  to  the 
smoke  and  heat  emissions  involved  in  production— is  magnified.  With  coal 
coming  into  generating  plants  at  too  low  a  cost,  pubUc  utility  commissions  set 
the  price  of  electricity  below  actual  cost  (private  and  social  combined).  Too 
much  electricity  is  produced  and  sold.  As  a  result,  physical  capital  and  other 
productive  resources  are  pulled  away  from  their  optimal  uses  in  other,  less 
pollution-intensive  industries.  The  net  effect  of  tax  subsidies  interacting  with 
failure  to  charge  for  the  use  of  air  and  water  is  both  a  less  efficient  use  of  the 
nation's  resources  and  greater  pressure  on  the  environment.^^ 

In  the  environmental  context,  the  temptation  is  to  make  the  tax  preferences 
conditional  on  proof  of  nondespoiling  extraction  and  nonpolluting  utiUzation  of 
coal.  But  this  would  load  onto  the  tax  system  and  Internal  Revenue  Service 
agents  a  burden  of  poUcing  environmental  crimes  that  they  should  not  have  to 
bear.  In  this  case,  the  simplest  solution  (conceptually,  though  not  politically)  is 
also  the  most  effective:  end  the  specific  tax  subsidies  as  well  as  the  general 
spillover  cost  subsidies  that  mining  and  drilling  now  enjoy. 

Distributional  Effects 

As  we  increasingly  inject  the  costs  of  waste  disposal  into  the  prices  of  our 
products,  GNP  may  not  suffer  greatly  in  quantity,  but  it  will  change  in  quaHty, 
containing  more  environmental  safeguards  and  amenities  and  less  material  out- 
put. Given  the  high  income-elasticity  of  demand  for  environmental  services,  the 
intuitive  reaction  of  most  readers  of  this  paper  will  be  inwardly  to  smile  with 
satisfaction. 

But  how  will  the  poor  and  the  black  ghetto  dweller  view  the  matter?  What 
do  environmental  attractions,  aesthetics,  and  amenities  mean  to  them?  Perhaps 
they  mean  somewhat  cleaner  air  and  water,  but   more  pertinently  they  mean 

In  the  context  of  the  earlier  discussion  of  GNP  impacts,  one  might  note  the  resulting 
effect  on  the  national  accounts.  Owing  to  resource  transfers,  the  net  effect  on  measured 
GNP  has  probably  been  limited.  But  NNP  is  overstated  because  the  social  costs  of  waste 
disposal  and  disamenities  are  not  counted  and  subtracted,  nor  is  the  cost  treated  as  a 
depreciation  of  our  environmental  capital. 
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higher  prices  of  the  goods  that  will  now  bear  the  costs  of  producing  those  three 
A's  and  little  help  with  what  Congressman  Charles  Rangel  from  Harlem  says 
"ecology"  means  to  his  constituents:  "Who's  gonna  collect  the  damned 
garbage!" 

So  before  we  at  this  forum  take  much  solace  in  the  improved  mix  of  the 
national  output  as  we  see  it,  we  had  better  be  sure  (1)  that  the  ghetto  dweller  is 
cut  in  on  the  environmental  dividends  as  he  sees  them,  and  (2)  that  as  the  prices 
of  goods  and  services  are  raised  because  industry's  free  ride  on  pubhc  dir  and 
water  and  land  is  ended,  the  nation  simultaneously  compensates  the  poor 
through  more  effective  measures  to  redistribute  income  and  opportunity. 


CONCLUSION       . 

In  the  complex  and  often  baffling  field  of  environmental  control,  no  one— 
surely  not  the  economist— has  all  the  answers.  But  good  economics  is  the  hand- 
maiden, not  the  enemy,  of  the  good  environment.  What  the  economist  believes 
he  can  contribute  is  a  better  understanding  of  how  economic  growth,  cost- 
benefit  analysis,  and  the  market-pricing  system  can  be  made  to  work  for  us 
rather  than  against  us  in  the  battle  to  protect  our  natural  environment  and 
improve  the  quality  of  existence. 

Those  who  defend  economic  growth  rest  their  case  essentially  on  the  follow- 
mg  points: 

1.  For  all  the  misallocations  and  mistakes,  environmental  and  otherwise, 
that  have  been  made  in  the  process  of  growth,  it  is  still  demonstrably 
true  that  growth  in  per  capita  GNP  has  been  associated  with  rising  levels 
of  human  well-being. 

2.  Much  if  not  most  of  the  environmental  damage  associated  with  growth  is 
a  function  of  the  way  we  grow— of  the  nature  of  our  technology  and  the 
forms  of  production.  By  prohibiting  ecologically  deadly  or  dangerous 
activities  and  forcing  producers  to  absorb  the  cost  of  using  air,  water, 
and  land  areas  for  waste  disposal,  growth,  technology,  and  production 
can  be  redirected  into  environmentally  more  tolerable  channels. 

3.  To  provide  social  and  financial  lubrication  for  this  painful  process  as  well 
as  to  repair  the  ravages  of  past  neglect  of  the  environment  requires  the 
resources,  revenues,  and  rising  incomes  that  growth  can  put  at  our  dispo- 
sal. 

4.  Side  by  side  with  the  problem  of  restoring  our  physical  environment  is 
the  even  greater  problem  of  overcoming  the  ills  of  our  human  and  social 
environment.  Those  ills  seem  to  be  cumulating  even  faster  and  to  be  even 
more  stubbornly  resistant  to  reversal  than  our  environmental  ills.  How 
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we  could  hope  to  cope  with  them  and  avoid  unbearable  sociopolitical 
tensions  within  the  context  of  a  stationary  state  is  not  apparent. 

Coupled  with  a  conviction  that  economic  growth  can  more  than  atone  for  its 
sins  is  a  belief  that  its  environmental  vices  can  be  diminished  and  its  virtues 
magnified  by  greater  use  of  the  pricing  system,  by  putting  appropriate  price  tags 
on  use  of  the  pubUc  environment  for  private  gain.  The  economist  readily  recog- 
nizes that  environmental  quality  is  a  highly  subjective  good  on  which  it  will  be 
difficult  to  put  those  price  tags.  He  also  readily  acknowledges  that  where  damage 
to  health,  life,  or  the  biosphere— either  now  or  in  the  future-are  severe  or  even 
infinite,  the  pricing  system  has  neither  the  speed  nor  the  capacity  to  deal  with 
the  problem. 

But  even  recognizing  such  limits,  the  economist  rightly  asserts  that  across  a 
large  part  of  the  pollution  spectrum  the  pricing  system  is  applicable.  By  charging 
producers— and  ultimately  consumers-for  the  full  cost  of  waste  disposal,  their 
self-interest  will  be  put  to  work  in  slowing  or  even  reversing  the  march  toward  a 
degraded  or  exhausted  environment. 

To  make  economic  growth  not  only  compatible  with,  but  a  servant  of,  a 
high-quality  environment  won't  be  easy.  Even  after  ecologists  identify  the  source 
of  the  trouble,  engineers  identify  solutions  and  develop  monitoring  devices,  and 
economists  identify  appropriate  taxing  and  pricing  schemes,  there  remain  crucial 
tests  of  public  will  and  political  skill.  To  get  producers  and  consumers  to  pay  the 
full  cost  of  using  the  environment  for  waste  disposal  and  to  get  the  public  to 
accept  the  reordered  priorities  and  pay  the  higher  taxes  that  will  be  needed  to 
redirect  growth  and  clean  up  past  environmental  mistakes  will  require  great  acts 
of  both  will  and  skill. 
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[Prom  the  Saturday  Review  of  the  Society,  Oct.  21,  1972] 

The  Doomsday  Syndrome 

The  environmentalists,  a  leading  British  scientist  charges,  may 
be  the  most  insidious  of  all  plunderers  of  our  planet.  Using  "a  tech- 
nique of  calculated  overdramatization,"  they  have  deflected  atten- 
tion from  the  genuine  ecological  issues  we  face  and  blinded  us  to 
solutions  that  exist  now. 

(By  John  Maddox) 

Prophets  of  doom  have  multiplied  remarkably  in  the  past  few  years.  It  used 
to  be  commonplace  for  men  to  parade  on  city  streets  with  sandwich  boards  pro- 
claiming, "The  End  of  the  World  Is  at  Hand !"  They  have  been  replaced  by  a 
throng  of  sober  people — scientists,  philosophers,  and  politicians — proclaiming 
that  there  are  more  subtle  calamities  just  around  the  corner.  The  human  race, 
they  say,  is  in  danger  of  suffocating  itself  by  overbreeding.  of  poisoning  itself 
with  pollution,  of  undermining  its  essential  character  by  tampering  with  heredity, 
and  of  weakening  the  basic  structure  of  society  through  too  much  prosperity- 

The  questions  that  these  latter-day  doomsayers  have  raised  are  complex  and 
interesting ;  the  spirit  in  which  they  are  asked  is  usually  too  jaundiced  for  intel- 
lectual comfort.  Too  often,  reality  is  oversimplified  or  even  ignored,  so  that  there 
is  a  danger  that  much  of  this  gloomy  foreboding  about  the  immediate  future 
will  accomplish  the  opposite  of  its  intention.  Instead  of  alerting  people  to  im- 
portant problems,  the  "doomsday  syndrome"  may  be  as  much  a  hazard  to  human 
survival  as  any  of  the  environmental  conundrums  society  has  created  for  itself. 

Nobody  doubts  the  sincerity  of  the  contemporary  prophets  of  calamity,  and  no- 
body would  disagree  that  modern  society  is  confronted  with  important  tasks  that 
must  be  tackled  with  a  sense  of  urgency.  In  advanced  societies  machinery  must  be 
devised  for  the  more  equitable  treatment  of  the  poor  and  the  disadvantaged. 
Urban  life,  although  better  than  it  used  to  be.  surely  leaves  much  room  for  im- 
provement. Even  where  medical  care  is  excellent,  ways  of  preventing  untimel.v 
death  and  unnecessary  disease  remain  to  be  discovered.  And  in  less-developed 
societies  there  are  the  more  basic  tasks  of  providing  people  with  adequate  food, 
housing,  and  schooling.  These  are  difficult  problems,  but  they  are  capable  of 
solution  in  the  foreseeable  future  if  enough  time  and  money  are  spent  on  them. 
By  contrast,  the  questions  the  doomsayers  generally  raise  are  rhetorical  ones, 
either  because  they  are  based  on  incorrect  premises  or  because  they  are  unanswer- 
able with  the  knowledge  we  possess  at  the  present  moment.  The  risk  is  that  too 
much  preoccupation  with  the  threat  of  distant  calamity  will  lead  to  a  kind  of 
quietism  by  diverting  our  attention  from  good  works  that  might  be  accomplished 
now. 

The  doomsday  cause  would  be  more  telling  if  it  were  more  securely  grounded 
in  facts,  as  well  as  better  informed  by  a  sense  of  history  and  an  awareness  of 
economics.  The  major  defect  in  the  argument  that  calamity  is  just  around  the 
corner  is  its  imprecision.  Some  doomsayers  fear  that  the  burning  of  fuel  in  the 
scale  to  which  modern  industry  is  accustomed  will  wreck  the  earth's  climate,  but 
few  meteorologists  are  able  unambiguousl.v  to  endorse  such  prophecies.  Others 
fear  that  the  use  of  pesticides  will  irrevocably  damage  the  human  race,  but  that 
is  an  overdraniatic  statement  of  the  need  to  carefully  regulate  the  way  in  which 
such  chemicals  are  sprayed  on  crops.  Still  others  fear  that  modern  biology,  with 
its  artifically  fertilized  egss  and  its  detailed  understanding  of  genetic  proce.s.ses, 
will  create  a  race  of  robots,  but  stich  a  concern  flies  in  the  face  of  the  past  five 
centuries  of  medical  history,  for  the  most  part  a  consistent  record  of  humane 
endeavor.  In  short,  the  weakness  of  the  doomsday  prophecies  is  that  they  are 
exaggerations.  Many  of  them  are  frighteningly  irresponsible. 

The  flavor  of  these  prophecies  of  disaster  is  well  illustrated  by  the  work  of  Dr. 
Paul  Ehrlich.  whose  book  T/ic  Pnptilntinn  Bnmh  startled  a  srood  many  people 
when  it  was  published  4  years  ago.  "The  battle  to  feed  all  of  humanity  is  over." 
Ehrlich  wrote.  "In  famines,  hundreds  of  millions  of  people  are  going  to  starve 
to  death  in  spite  of  any  crash  program  embarked  on  now."  Ehrlich  went  on  to 
describe  in  a  somber  way  the  rate  at  which  the  population  of  the  world  is  increas- 
ing, the  inconveniences  that  are  likely  to  result  therefrom,  and  some  ways  of 
striking  a  better  balance  between  the  population  growth  and  available  resources, 
especially  in  developing  parts  of  the  world. 
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Nobody  will  deny  that  it  is  important  to  control,  if  not  the  size  of  a  population, 
then  its  rate  of  growth.  In  advanced  societies  population  control  is  increasingly 
becoming  an  accepted  function  of  good  government.  In  developing  countries  it 
is  generally  recognized  as  a  prerequisite  to  economic  progress.  Ehrlich's  warn- 
ing of  imminent  famines  on  a  massive  scale  is  unrealistic.  The  truth  is  that  the 
total  production  of  food  on  the  earth  is  now  increasing  much  faster  than  the 
population.  For  most  of  the  sixties,  the  population  of  the  world  grew  at  about  2 
percent  a  year,  while  agricultural  production  in  the  same  period  increased  by  2.7 
percent  annually.  And  in  the  past  few  years  there  has  been  especially  encouraging 
progress  in  the  hard-pressed  countries  of  Southeast  Asia  and  India,  where  food 
production  has  increased  nearly  twice  as  fast  as  population,  due  largely  to  the 
introduction  of  new  strains  of  wheat  and  rice.  Nor  is  there  any  reason  to  believe 
that  the  "green  revolution"  will  slow  down  in  the  coming  years.  Population  control 
is  therefore  desirable,  not  as  a  means  of  avoiding  calamity,  but  because  it  can 
accelerate  the  steady  improvement  of  the  human  condition. 

Famine  is  only  one  of  several  hypothetical  catastrophes  that  are  said  to  flow 
from  population  growth,  Ehrlich  and  other  doomsayers  argue  that  high  popula- 
tion density  produces  individual  disorientation  and  increased  social  tension.  One 
common  argument  for  supposing  that  crowding  as  such  is  bad  for  people  starts 
from  experiments  that  have  been  carried  out  with  laboratory  animals,  princi- 
pally rats.  The  best-known  experiments,  performed  by  Dr.  John  B.  Calhoun, 
showed  rats  kept  in  unusually  crowded  conditions  developed  all  kinds  of  psy- 
chological disturbance-s — mother  rats  took  to  infanticide,  males  became  unnat- 
urally aggressive,  and  the  mortality  rate  rose.  So  is  it  not  reasonable  to  suppose 
that  people  living  in  metropolitan  areas  will  be  more  disturbed  than  those  who  live 
in  rural  areas?  With  growing  population  densities,  will  not  violence  within  and 
between  countries  become  that  much  more  prevalent?  These  are  common  sus- 
picions. Dr.  Ehrlish  and  his  wife,  Anne,  in  their  book  Population,  Resources. 
Environment,  write  that  there  are  "very  high  correlations  among  rates  of 
population  growth  *  *  *  and  involvement  in  wars." 

The  trouble  is  that  the  analogy  between  rats  and  people  is  at  best  tenuous — 
gregariousness  of  the  kind  that  led  to  the  development  of  cities  thousands  of 
years  ago  distinguishes  the  human  race  from  rodents.  And  the  belief  that  vio- 
lence and  war  accompany  crowding  rests  on  the  most  shaky  statistical  basis. 
Who,  after  all.  would  claim  that  the  Netherlands,  the  most  crowded  of  all  West- 
ern European  countries,  is  more  given  to  violence  than,  say,  the  United  States? 

Implicit  in  these  dire  warnings  of  the  consequences  of  population  growth  is 
a  misleading  method  of  prediction  that  gives  more  credit  to  simple  arithmetic 
than  it  deserves.  If  the  population  of  the  world  is  at  present  doubling  every 
35  years,  does  it  necessarily  follow  that  the  population  will  multiply  by  a  four- 
fold factor  in  the  next  70  years,  so  as  to  reach  14  000  million  by  the  year  2040? 
In  The  Population  Bomb  Ehrlich  is  scornful  of  those  whom  he  calls  "profes- 
sional optimists  *  *  *  who  like  to  greet  evei-y  sign  of  dropping  birth  rate  with 
wild  pronouncements  about  the  end  of  the  population  explosion."  And  even  in 
the  more  soberly  written  Population,  Resources,  Environment,  he  chooses  to 
base  predictions  of  the  future  population  of  the  earth  on  the  most  pessimistic 
calculations  appearing  in  studies  funded  by  the  United  Nations,  which  assume 
that  there  will  be  no  change  in  the  fertility  of  women  of  childbearing  age  be- 
tween now  and  the  end  of  the  century.  In  reality,  however,  there  are  alread.v 
signs  that  fertility  is  declining  in  developing  countries  in  exactly  the  same  way 
as.  but  possibly  more  rapidly  than,  it  declined  in  Western  Euroiie  between  HO 
and  100  years  ago.  One  of  the  strangest  features  of  Ehrlich's  description  of  the 
population  explosion  is  the  bland  assumption  that  the  social  forces  that  have 
brought  about  stability  in  the  developed  countries — the  improvement  of  the  qual- 
ity of  education  and  medical  care,  for  example — are  inaiiplicable  elsewhere.  Is  it 
any  wonder  that  the  predominantly  Western  preoccupation  with  the  population 
explosion  seems  like  patronizing  neocolonialism  to  people  elsewhere? 

In  much  the  same  way  that  environmentalists  worry  about  the  effects  of 
population  growth  on  our  physical  and  psychological  well-being,  .so.  too,  they 
decry  its  effect  on  natural  resources.  In  the  United  States,  at  least,  this  is  an 
honorable  tradition  going  back  to  the  end  of  the  IDth  century,  when  Clifford 
Pinchot.  head  of  the  U.S.  Forest  Service,  wrung  his  h-mds  over  the  prospect 
that  timber  in  this  country  would  be  used  up  in  roughly  30  years,  that  an- 
thracite coal  would  last  for  only  50  years,  and  that  other  raw  materials  such 
as  iron  ore  and  natural  gas  were  Iieing  rapidly  dejiieted.  Seventy  years  later  tbe 
same  complaints  are  heard.  The  environmentalists  have  coined  the  phrase  "our 
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I)lundered  planet"  to  express  their  anxiety  about  the  probability  that  petroleum 
will  be  much  less  plentiful  a  centurj'  from  now  and  that  the  time  will  soon  come 
when  high-grade  copper  ores  are  worked  out.  The  fallacy  in  this  reasoning  is 
that  society  has  never  been  uniquely  dependent  on  the  balance  of  raw  materials 
in  common  use  at  a  particular  time.  If  copper  becomes  scarce  or  merely  expen- 
sive, more  aluminum  will  have  to  be  used  in  its  place.  If  natural  diamonds  are 
expensive,  tlien  we  will  make  them  synthetically.  In  any  ca.se,  although  supplies 
of  such  raw  materials  are  known  to  be  limited,  the  point  at  which  they  seem 
likely  to  l)e  exhausted  tends  to  recede  with  the  passage  of  time  so  as  to  be  always 
just  over  the  horizon.  Indeed,  despite  what  the  environmentalists  say,  the  pres- 
ent time  appears  to  be  one  in  which  forecasts  of  .scarcity  are  less  valid  than  ever. 
Petroleum  may  be  much  harder  to  obtain  a  century  from  now.  but  in  the  past  few- 
years  scientists  have  laid  the  foundations  for  wresting  energy  from  hydrogen 
and  minerals  such  as  uranium  in  large  quantities,  so  that  future  decades  will 
l)e  mucli  better  off  than  anybody  could  have  expected  even  a  dec-ade  ago.  And, 
however  strange  it  may  seem,  the  real  economic  cost  of  extracting  such  metals 
as  lead  and  copper  from  the  ground  is  still  decreasing  as  exploration  and  the 
techniques  of  mining  and  metallurgy  become  more  efficient.  In  terms  of  their 
availability  at  least,  the  earth's  resources  are  becoming  more  and  more  plentiful. 

Ecological  catastrophe  is  also  high  on  the  list  of  public  fears  for  the  future. 
As  another  leading  doomsdayer,  Dr.  Barry  Commoner,  puts  it  in  The  Closituj 
Circle,  "*  *  *  in  our  unwitting  march  toward  ecological  suicide,  we  have  run 
out  of  options."  What  he  and  the  other  environmentalists  who  echo  his  opinions 
wish  to  imply  is  that  the  relation  between  people  and  the  environment  is  so  deli- 
cate, and  the  dependence  of  the  human  race  on  its  surroundings  so  complete,  that 
many  of  the  effects  of  our  activity  on  the  natural  world  may  destroy  the 
capacity  of  the  earth  to  support  life. 

One  recipe  for  ecological  disaster,  for  example,  holds  that  pollution  of  the 
surface  layers  of  the  oceans  by  insecticides  or  chemicals  may  destroy  the  micro- 
scopic plants  that  turn  the  energy  of  sunlight  into  chemical  form,  help  to  support 
marine  life  of  all  kinds,  and  replenish  the  oxygen  in  the  atmosphere.  Another 
theorizes  that  the  accumulation  of  carbon  dioxide  produced  by  the  burning 
of  fossil  fuels  may  so  increase  the  temperature  on  the  surface  of  the  earth 
as  to  transform  the  present  pattern  of  weather  and  perhaps  even  melt  the 
Antartic  ice.  Fortunately,  these  chains  of  events  are  by  no  means  inescapable. 
For  one  thing,  the  processes  that  are  supposed  to  lead  to  disaster  are  only  imper- 
fectly understood.  Moreover,  their  scale  is  still  puny  in  relation  to  the  size 
of  the  earth's  envelope — the  ecosphere,  as  it  is  called. 

Tiny  though  the  earth  may  appear  from  the  moon,  it  is  in  reality  an  enormous 
object.  The  earth's  atmosphere  alone  weighs  more  than  5.000  million  million 
tons,  more  than  a  million  tons  of  air  for  each  human  being  now  alive.  The 
water  on  the  surface  of  the  earth  weighs  more  than  300  times  as  much — in 
other  words,  each  living  person's  share  of  the  water  would  just  about  fill  a 
cube  half  a  mile  square.  So  while  it  is  not  entirely  out  of  the  question  that 
human  intervention  could  at  some  stage  bring  about  changes  in  the  ecosphere, 
for  the  time  being  the  vast  scale  on  which  the  earth  is  built  should  be  a  great 
comfort  to  us  all. 

But  even  if  the  human  race  is  unable  to  harm  the  ecosphere  significantly,  is 
there  not  a  danger  that  it  may  destroy  itself  more  directly?  In  the  past  few 
years  the  nature  of  biological  research  has  been  repeatedly  held  up  as  a  potential 
threat  to  man's  survival.  Genetic  engineering  is  a  .somber  phrase,  no  doubt, 
conjuring  up  visions  of  long  rows  of  test-tube  babies  bred  to  governmental 
specifications.  But  the  concept  is  less  frightening  when  one  recalls  that  horse 
breeders  and  plant  growers  have  been  practicing  it  for  centuries.  And  why  should 
communities  that  have  rejected  the  eugenic  devices  already  available — forced 
choice  of  marriage  part^ners,  for  example,  or  selective  infanticide — throw  their 
principles  to  the  winds  now  that  molecular  biology  has  come  along? 

Even  the  quite  real  prospect  of  artificially  fertilizing  human  eggs  does  not 
contain  the  seeds  of  unwelcome  social  vipheaval  that  many  people  suppose.  The 
truth  is  that  the  most  obvious  uses  of  these  new  techniques  are  therapeutic, 
not  subversive.  To  be  sure,  biological  research  has  raised  novel  ethical  problems. 
How,  for  example,  does  a  doctor  decide  which  of  several  equally  needy  patients 
should  have  access  to  an  artificial  kidne.v  machine  or  receive  a  kidney  that 
becomes  available  for  transplant?  But  the  fact  that  these  prolilems  are  novel 
is  neither  an  argument  against  the  new  techniques  nor  a  justification  for  the 
belief  that  biological  research  is  full   of  unmanageable  social  dangers.  What 
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justification  can  there  be  for  the  siipposition  that  the  same  medical  men  who 
have  developed  antibiotics  for  the  treatment  of  infectious  disease  and  vaccines 
for  its  prevention  will  seize  on  the  new  developments  to  pursue  malevolent 
objectives  ? 

But  what  of  the  possibility  that  science  and  technoloj?y  may  undermine  the 
integrity  of  society  in  much  more  subtle  ways?  This  is  an  old  fear,  of  course, 
which  in  its  crudest  form  amounts  to  unregenerate  obscurantism.  In  the  past 
few  years  the  theme  has  appeared  again  in  a  revised  and  updated  form.  In 
his  book  Reason  Awake,  Dr.  Rene  Dubos  writes :  "Man  has  always  lived  in  a 
precarious  state,  worried  about  his  place  in  the  order  of  things.  In  the  past 
he  was  threatened  chiefly  by  natural  forces  that  he  could  not  control,  and  he 
experienced  fear  because  of  ignorance  of  the  cosmos  and  of  his  own  nature. 
Now  threats  and  fears  derive  in  large  measure  from  science  and  its  technologies, 
paradoxically  the  most  characteristic  products  of  human  reason.''  And  elsewhere 
he  adds,  "Most  would  agree  that  science  and  technology  are  responsible  for 
some  of  our  worst  nightmares  and  have  made  our  societies  so  complex  as 
to  be  almost  unmanageable." 

The  flaw  in  these  protestations  is  that  they  label  technology,  and  the  science 
from  which  it  springs,  as  a  subversive  force  in  society.  It  is  true,  of  course,  that 
technical  innovations  frequently  have  unexpected  consequences.  This  has  always 
been  the  case.  Who  would  have  guessed  50  years  ago  that  the  motor  car  would 
create  the  suburbs  of  North  America?  The  fact  that  ocean  beaches  are  so  much 
more  crowded  now  than  half  a  century  ago  is  also  a  consequence  of  the  tremen- 
dous expansion  of  the  automobile  industry.  But  is  it  sensible  to  wish  that  inter- 
nal combustion  engines  had  not  been  invented  for  the  sake  of  avoiding  over- 
crowding at  the  beaches?  Is  it  not  preferable  to  enjoy  the  other  benefits  of  the 
invention  and  to  regulate  the  crowding  of  beaches  liy  other  means?  And  in  any 
case,  where  such  developments  are  in  question,  is  it  not  entirely  misleading  to 
suggest  that  the  automobile  industry  has  grown  to  its  present  size  for  reasons 
connected  with  the  character  of  technology  and  not  because  a  need  for  its  product 
became  apparent?   On   issues   like  this,   the  doomsday  literature  is  dishonest. 

The  introduction  of  the  wheel  into  primitive  societies  must  similarly  have  been 
attended  by  unforeseen  developments.  Then,  as  now,  the  immediate  benefits 
of  innovation  may  be  predictable,  but  the  more  distant  consequences,  beneficial  or 
harmful,  are  harder  to  foresee.  The  moral,  of  course,  is  that  governments  have  a 
responsibility  to  insure  that  most  of  the  social  consequences  of  technological 
progress  are  positive  ones.  To  pretend  with  Dr.  Dubos  that  such  discrimination  is 
impossible  and  that  all  technology  is  therefore  suspect  is  to  suggest  that  society 
is  powerless  to  regulate  its  own  affairs.  The  argimient  that  technology  is  an  all- 
powerful  juggernaut  pressing  the  humanity  out  of  society  usually  cloaks  a  pes- 
simistic belief  in  the  impotence  of  social  institutions.  The  challenge  is  not  to  keep 
science  and  technology  at  bay  but  to  control  them  and,  in  particular,  to  make 
sure  that  they  do  not  become  dehumanizing  influences  on  our  lives. 

One  of  the  most  common  misconceptions  about  technology  is  that  it  consists 
entirely  of  gigantic,  tax-supported  programs  for  sending  rockets  to  the  moon. 
In  reality,  most  technologists  work  toward  much  less  spectacular  objectives — 
building  safer  and  cheaper  bridges,  for  example,  or  devising  ways  of  drying 
coffee  without  loss  of  flavor.  Those  who  complain  about  technology  and  its  effects 
would  be  on  stronger  ground  if  they  concerned  themselves  with  devising  ways 
for  society  to  exploit  science  and  technology.  The  key  question  is.  who  says 
which  innovations  are  worth  while?  Some  decisions  have  to  be  made  by  in- 
dividuals in  their  role  as  consumers.  Others  are  left  to  manufacturers.  Still 
others,  which  have  a  political  flavor  in  the  most  general  sense,  must  be  taken  by 
governments  acting  on  behalf  of  the  communities  they  represent.  Governments 
have  all  too  often  been  unwilling  to  shoulder  their  responsibilities.  They  have, 
for  example,  accepted  the  introduction  of  jet  planes  without  taking  into  proper 
consideration  the  extra  noise  such  aircraft  cause.  They  have  encouraged  in- 
dustrial development  without  thinking  sutficiently  about  the  unavoidable  side 
effects  of  industry,  pollution  being  chief  among  them.  They  have  encouraged 
urbanization  without  paying  enough  attention  to  city  planning. 

Were  these  the  complaints  of  the  environmentalists,  their  caiise  would  be 
entirely  landable.  But  by  .slipping  into  the  pretense  that  .science  and  technology 
have  between  them  established  such  a  powerful  hold  on  society's  development 
that  the  survival  of  the  human  race  may  be  undermined,  they  have  sidestepped 
the  real  issue,  which  is  to  guide,  not  eliminate,  technological  progress.  There 
is  no  reason  to  think  that  technology  will  be  less  valuable  in  the  future  than  it 
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has  been  in  the  past  in  liberating  men  and  women  from  drudgery  and  so  improv- 
ing the  quality  of  their  lives.  Paradoxically,  the  environmental  message,  at  least 
in  its  crudest  form,  is  self-defeating. 

The  main  reason  the  message  is  so  often  presented  so  crudely  goes  back  to  the 
origins  of  the  modern  enviroumenla'l  movement.  The  first  environmentalists  were 
probably  the  scientists  who,  toward  the  end  of  World  War  II.  sensed  that  the 
development  of  nuclear  weapons  posed  a  grave  threat  to  the  human  race.  In  1945 
Dr.  J.  Robert  Oppenheimer,  the  .scientific  director  of  the  Los  Alamos  program 
that  produced  the  first  atomic  bomb,  made  the  point  with  characteristic  elo- 
quence :  "In  some  crude  sense  which  no  vulgarity,  no  overstatement  can  quite 
extinguish,  the  physicists  have  known  sin,  and  this  is  a  knowledge  which  they 
cannot  lose." 

Throughout  the  fifties,  the  campaign  to  ban  the  testing  of  nuclear  weapons 
picked  up  momentum.  In  the  early  years  of  the  decade,  the  first  test  explosions 
of  hydrogen  bombs  carried  the  scientists'  initial  sense  of  alarm  to  a  far  wider  spec- 
trum of  the  population.  In  1954,  when  four  Japanese  fishermen  were  killed  by 
radioactive  dust  from  a  thermonuclear  explosion,  the  entire  world  was  given  a 
vivid  demonstration  of  the  potential  destructiveness  of  nuclear  energy.  By  the 
late  fifties,  nuclear  weapons  tests  had  become  commonplace,  and  the  amount  of 
radioactive  fallout  was  reaching  intolerable  levels.  The  discovery  of  strontium 
90  in  the  skeletons  of  young  children  was  a  powerful  assault  on  the  public  con- 
science. With  military  strategy  still  dominated  l)y  plans  for  thermonuclear 
retaliation,  it  was  no  wonder  that  the  decade  ended  with  the  sense  that  doomsday 
was  just  around  the  corner. 

At  about  the  same  time,  ironically,  the  concern  of  the  early  environmentalists 
with  the  perils  of  nuclear  explosions  to  human  health  began  to  win  wide  accept- 
ance, and  in  1963  the  major  powers  signed  a  treaty  prohibiting  above-ground  test- 
ing of  nuclear  weapons.  Suddenly,  the  environmentalists  con.stituted  an  army  that 
had  tasted  blood  but  seemingly  had  no  further  battles  to  fight.  The  year  before, 
Rachel  Carson  had  published  her  now-famous  study  of  the  misuses  of  pesticides. 
Silent  Sprinff.  thereby  launching  an  entirely  new  phase  of  the  environmental 
movement.  The  problem  was  that  many  environmentalists  continued  to  use  the 
same  apocalyptic  rhetoric  they  had  employed  so  effectively  to  express  their 
indignation  over  the  unregulated  dissemination  of  nuclear  weaponry — a  truly 
apocalyptic  danger — to  decribe  a  much  more  subtle  and  complex  phenomenon. 

Miss  Carson  herself  was  concerned  almost  entirely  with  the  way  in  which  in- 
secticides were  being  used  in  the  United  States.  Many  of  her  complaints  were 
well  founded — it  is  absurd  that  insecticides  should  have  been  employed  to  clear 
insects  from  inland  lakes  with  such  abandon  as  to  kill  the  fish  as  well  as  the 
insects.  Another  of  her  many  cautionary  tales  described  how  the  use  of  an  insec- 
ticides similar  to  DDT  against  the  Japanese  beetle  in  the  cornfields  of  the  Middle 
West  made  life  easier  for  a  still  more  dangerous  pest,  the  corn  borer,  which  nor- 
mally wais  preyed  upon  by  the  Japanese  beetle.  In  this  and  other  ways  she  mar- 
shaled enough  evidence  to  demonstrate  that  pesticides  should  be  more  carefully 
regulated.  The  most  seriously  misleading  part  of  her  narrative  involves  the  relat- 
ing of  horror  stories  about  the  misuse  of  DDT  to  create  the  impression  that  there 
are  no  safe  u.ses  for  pesticides  at  all. 

Rachel  Carson  thus  set  the  tone  of  much  subsequent  environmental  literature 
by  employing  a  technique  of  calculated  overdramatization.  The  silent  spring  it- 
.self  was  an  apocryphal  season  in  "a  town  in  the  heart  of  America"  created  by 
Miss  Carson's  fertile  imagination.  Her  book  begins  with  what  she  calls  "a  fable 
for  tomorrow."  Once — "all  life  seemed  to  live  in  harmony  with  its  surroundings. 
*  *  *  But  then  a  strange  blight  crept  over  the  area  and  everything  began  to 
change.  Some  evil  .spell  had  settled  on  the  community  :  mysterious  maladies  swept 
the  flocks  of  chickens :  the  cattle  and  sheep  sickened  and  died.  Everywhere  was  a 
shadow  of  death.  The  farmers  spoke  of  much  illness,  among  their  families.  In  the 
town  the  doctors  had  become  more  puzzled  by  new  kinds  of  sickness  appearing 
among  their  patients.  There  had  been  several  sudden  and  unexplained  deaths,  not 
only  among  adults  but  even  among  children,  who  would  be  stricken  suddenly 
while  at  play  and  die  within  a  few  hours." 

The  calamity,  of  course,  was  caused  by  the  use  of  pesticides.  Miss  Carson  goes 
on  innocently  to  reveal  that  "this  town  does  not  actually  exist,  but  it  might  easily 
have  a  thousand  counterparts  in  America  or  elsewhere  in  the  world."  By  playing 
this  literary  trick  on  her  readers,  she  T»rovided  not  merelv  graphic  illustration  of 
the  fact  that  excessive  amounts  of  pesticide  could  kill  animals  as  well  as  insects 
but  also  a  sense  that  excessive  use  was  almost  unavoidable. 


420 

Paul  Ehrlich's  The  Population  Bomb  is  a  splendid  illustration  of  how  the 
technique  of  calculated  exaggeration  has  flourished.  After  a  tautly  written 
account  of  how  "the  battle  to  feed  all  of  humanity"  has  been  lost,  sufficiently  vivid 
to  have  most  readers  on  the  edges  of  their  seats,  Ehrlich  concludes  with  the  smug 
apology  that  he,  like  any  scientist,  "lives  constantly  with  the  possibility  that  he 
may  be  wrong."  However,  no  harm  will  be  done  if  his  argument  proves  false, 
Ehrlich  continues,  for  "if  I  am  wrong,  people  will  still  be  better  fed,  better 
housed  and  happier  .  .  ."  The  difficulty,  of  course,  is  that  alarm  does  not  provide 
the  best  atmosphere  for  finding  rational  solutions  to  those  problems  that  are  truly 
worrisome.  Aesop  knew  what  happened  to  shepherd  boys  who  cried  wolf  too 
often. 

Barry  Commoner  also  uses  Miss  Carson's  technique.  In  his  book  Science  and 
Survival,  for  example,  he  writes  that  "as  large  a  body  of  water  as  Lake  Erie 
has  already  been  overwhelmed  by  pollutants  and  has  in  effect  died."  The  truth 
is  now  what  it  was  when  the  book  appeared  in  1963,  namely,  that  Lake  Erie  had 
indeed  been  seriously  afflicted  by  pollution,  for  such  a  shallow  body  of  water  could 
not  be  expected  to  remain  unchanged  under  the  assault  of  the  vast  amount  of 
sewage  and  industrial  effluent  that  surrounding  cities  discharged  into  it.  But 
throughout  the  lOfiO's  the  lake  somehow  managed  to  support  a  thriving  fishing 
industry.  In  1970  it  yielded  2,5,000  tons  of  fish.  Nobody  can  know  for  certain  why 
the  trout  have  been  replaced  by  other  species  of  fish — is  it  in  fact  the  sewage  or 
perhaps  the  influence  of  the  Welland  Canal,  which,  bypassing  Niagara,  connects 
Lake  Erie  to  Lake  Ontario?  By  now  it  seems  to  have  been  generally  agreed  that 
something  must  be  done  to  limit  the  discharge  of  effluents  into  Lake  Erie,  but  the 
proclamation  that  the  lake  is  already  "dead,"  whatever  such  a  phrase  may  mean, 
has  probably  given  Lake  Erie  more  prominence  than  it  deserves.  To  be  fair,  in  his 
more  recent  book.  The  Closing  Circle,  Commoner  does  not  say  the  lake  is  dend 
but  merely  that  "we  have  grossly,  irreversibly  changed  the  biological  character 
of  the  lake  and  have  greatly  reduced,  now  and  for  the  foreseeable  future,  its 
value  to  man."  But  even  this  more  moderate  statement  of  his  position  is  doubious 
if  the  assertion  of  the  irreversibility  of  the  damage  is  taken  at  face  value. 

Implicit  in  the  pessimistic  outlook  of  many  ecologists  is  a  common  stand  on  the 
nature  of  living  things  and  their  relationship  with  the  big  environment.  In  Science 
and  Survival  Commoner  has  a  chapter  entitled  "Greater  Than  the  Sum  of 
Its  Parts,"  which  attempts  to  demonstrate  that  the  properties  of  living  things 
cannot  be  explained  solely  in  terms  of  the  properties  of  the  molecules  that  make 
them  up. 

"There  is.  I  believe,  a  crisis  in  biology  today.  The  root  of  the  crisis  is  the  con- 
flict between  the  two  approaches  to  the  theory  of  life.  One  approach  seeks  for  the 
unique  capabilities  of  living  things  in  separable  chemical  reactions ;  the  other 
holds  that  this  uniqueness  is  a  property  of  the  whole  cell  and  arises  out  of  the 
complex  interactions  of  the  separable  events  of  cellular  chemistry.  Neither  view 
has,  as  yet.  been  supported  by  decisive  experimental  proof.  The  molecular  ap- 
proach has  not  succeeded  in  showing  by  experiment  that  the  subtly  integrated 
complexity  and  beautifiil  precision  of  the  cell's  chemistry  can  be  created  by  adding 
together  its  separate  components.  Nor  has  the  opposite  approach,  as  yet,  dis- 
covered an  integrating  mechanism  in  the  living  cell  which  achieves  the  essential 
coordination  of  its  numerous  separate  reactions." 

In  its  essence  this  argument  echoes  the  old  19th-century  belief  in  what  was 
then  called  "life  force" — a  special  quality  of  living  things — whose  credibility  has 
steadily  diminished  ever  since  the  first  laboratory  synthesis  a  century  and  a  half 
ago  of  substances  usually  considered  by-products  of  life.  The  modern  equivalent 
of  this  neovitalism  holds  that  the  "web  of  life" — as  Darwin  termed  the  way  in 
which  different  species  are  linked  together  by  their  mutual  dependence — is  so 
complicated  that  it  cannot  be  submitted  to  the  methods  of  mathematical  analysis. 
This  is  one  of  Commoner's  arguments.  In  the  trivial  sense,  of  course,  the  point  is 
incontrovertible — who  would  seriously  set  out  to  calculate  the  weight  of  a  full- 
grown  locust  when  it  would  be  much  simpler,  and  probably  safer  as  well,  simply 
to  put  it  on  a  scale?  But  this  does  not  imply  that  the  weight  of  a  locust  is  in 
principle  incalculable,  that  there  are  features  of  the  ecosphere  that  lie  beyond  the 
scope  of  conventional  science.  Among  the  environmentalists  there  is  a  tempta- 
tion to  empha.size  the  unity  of  the  living  world  in  circumstances  when  it  would 
be  more  appropriate  to  consider  different  parts  of  it  separately.  After  all,  the 
special  character  of  science  is  its  ability  to  understand  complicated  problems 
by  breaking  them  into  their  constituent  parts. 
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What  happens  when  scientists  attempt  to  examine  the  world  in  its  entirety  is 
beautifully  illustrated  by  the  controversial  Club  of  Rome  study  published  last 
spring,  entitled  The  Limits  to  Groivth.  The  study,  carried  out  at  MIT  under  the 
leadership  of  Dr.  Dennis  L.  Meadows,  is  based  on  a  computer  simulation  of  the 
world  and  purports  to  show  that  many  of  the  more  gloomy  prophecies  of  the 
environmentalists  can  be  iipheld  by  mathematical  calculations.  The  computer  is 
programed  with  information  about  the  population  of  the  world  (for  this  purix)se 
broken  down  into  three  numbers  representing  the  population  of  children  between 
zero  and  15.  the  population  of  adults  of  reproductive  age.  and  the  population  of 
those  whose  reproductive  life  is  over),  as  well  as  a  number  indicating  the  amount 
of  money  invested  in  industrial  capital,  another  indicating  the  amount  of  arable 
land,  one  that  is  supposed  to  stand  for  the  stock  of  unrenewable  resources,  and 
one  that  is  meant  to  be  a  measure  of  pollution.  The  object  of  the  exercise  is  to 
calculate  how  these  and  several  other  interrelated  variables  will  change  in  the 
course  of  time.  In  my  opinion  the  results  fully  justify  Gunnar  Myrdal's  descrip- 
tion of  the  study  as  "pretentious  nonsense." 

To  cite  one  example,  the  stock  of  nonrenewable  resources  such  as  minerals  will 
obviously  decrease  over  time  at  a  rate  determined  in  part  by  the  size  of  the 
world's  population  and  by  the  quantity  of  material  consumed  each  year  by  a 
single  individual,  which  is  in  turn  dependent  on  the  amount  of  industrial  output 
per  person  and  ultimately  on  the  investment  in  new  factories  of  various  kinds. 
Dr.  Meadows  and  his  colleagues  calculate  that  if  there  is  "no  major  change  in  the 
physical,  economic,  or  social  relationships  that  have  historically  governed  the 
development  of  the  world  system,"  there  will  come  a  point  in  the  next  century 
when  the  diminishing  stock  of  natural  resources  brings  aboiit  a  decrease  in 
industrial  growth,  a  consequent  decrease  in  the  amount  of  food  available  per 
person,  and  then,  in  due  course,  a  return  to  the  bad  old  days  of  the  18th  and 
19th  centuries,  when  the  death  rate  rose  rapidly  because  of  starvation  and  even 
an  increasing  birth  rate  was  unalde  to  prevent  a  population  decline. 

The  first  thing  to  be  said  about  such  a  prediction  is  that  even  the  best  pos- 
sible computer  model  is  no  better  than  the  assumptions  about  the  real  world 
with  which  it  is  programed.  And  even  very  large  computer  models,  such  as 
Dr.  Meadow's,  are  never  large  enough  to  take  into  account  all  the  possible  re- 
lationships between  one  thing  and  another.  So  it  is  no  wonder  that  the  Club 
of  Rome  study  has  been  forced  to  make  drastic  simplifications  that  even  the  ex- 
tremists in  the  environmental  movement  usually  manage  to  avoid. 

The  most  serious  error  in  the  study  involves  something  economists  call  ag- 
gregation— the  combining  of  things  that  ought  not  to  be  considered  as  one.  For 
example,  the  authors  have  been  compelled  by  the  limitations  of  their  equip- 
ment to  represent  the  totality  of  pollution  on  the  earth  by  a  single  number, 
based  on  world  industrial  production.  Having  lumped  pollution  and  industrial 
production  together,  the  authors  cannot  take  into  consideration  the  obvious  fact 
that  modern  technology  can  control  the  first  without  affecting  the  second  at  all. 

These  simplifications,  apparently  built  into  the  Club  of  Rome's  computer 
model,  make  nonsense  of  the  study.  To  add  another  example.  The  Limits  to 
Grovth  represents  the  world's  stock  of  nonrenewable  resources  with  a  single 
number.  In  one  particular  calculation  it  was  assumed  that  the  amounts  of 
nonrenewable  resources  in  the  earth's  crust  in  1970  were  the  equivalent  of 
250  years'  supply  at  the  then  rate  of  consumption.  On  the  face  of  things  this 
was  a  generous  assumption,  for  the  known  reserves  of  a  great  many  common 
materials  such  as  lead  and  mercury  are  unlikely  to  last  nearly  so  long.  But 
the  history  of  the  past  few  decades  has  shown  clearly  enough  that  relatively 
scarce  materials  are  constantly  being  replaced  by  more  common  ones — copper, 
for  instance,  has  been  superseded  by  aluminum  in  many  branches  of  the  elec- 
tronics industry.  Moreover,  by  representing  the  present  stock  of  raw  materials 
with  a  single  number,  the  study  has  overlooked  a  cardinal  law  of  economics, 
which  holds  that  increasing  scarcity  and,  consequently,  higher  prices  would 
stimulate  exploration  for  new  materials  and  also  make  it  more  practical  to  mine 
ores  of  lower  quality. 

In  general,  economics  is  not  the  strong  suit  of  the  environmentalists.  And, 
unfortunately  for  their  ca.se,  most  of  the  issues  they  tend  to  present  as  ques- 
tions of  life  or  death  for  the  human  race  are  essentially  questions  of  eco- 
nomics. Consider  urban  air  pollution.  The  overriding  issue  is  not  whether  cleaner 
air  can  be  provided  (we  know  it  can)  but  how  much  taxpayers,  and  in  par- 
ticular the  owners  of  cars  and  factories,  are  i)repared  to  pay  for  that  amenity. 
Exactly  the  same  is  true  of  the  noise  produced  by  jets,  the  overcrowding  of 
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beaches,  and  even  the  extent  to  which  farmers  are  allowed  to  use  pesticides.  On 
such  issues  there  is  a  need  for  a  better  understanding  of  the  economics  of  the 
communal  good. 

Because  the  relationship  between  communities  and  their  surroundings  is 
often  determined  by  economic  considerations,  it  is  not  surprising  that  different 
communities  should  have  different  objectives  and  that  each  should  strike  its 
own  balance  between  exploitation  and  conservation.  This  is  another  way  of 
saying  that  only  prosperous  communities  will  pay  much  attention  to  environ- 
mental amenities.  One  of  the  more  serious  dangers  of  the  extremist  wing  of 
the  environmental  movement  is  that  by  insisting  on  the  catastrophic  implications 
of  present  tendencies,  it  may  alienate  the  countries  of  the  developing  world, 
not  yet  rich  enough  to  aspire  to  the  kind  of  pollution-free  future  on  which  the 
more  prosperous  nations  have  set  their  sights.  This  was  plain  enough  at  the 
United  Nations  Conference  on  the  Human  Environment  held  in  Stockholm  last 
June,  where  it  proved  to  be  extremely  difficult  to  hammer  out  a  common  plat- 
form, partly  because  of  the  inevitable  conflict  of  interest  between  rich  and 
poor  nations. 

The  extremists  have  created  the  false  impression  that  prosperity  itself  is  the 
enemy.  After  all,  cars  are  so  numerous  on  the  roads  of  a  wealthy  nation  be- 
cause its  citizens  are  able  to  pay  for  them.  And  the  heaps  of  aluminum  cans 
that  deface  a  countryside  indicate  that  consumers  can  afford  the  added  ex- 
pense of  disposable  items.  But  insisting  on  the  relationship  between  prosperity 
and  pollution  obscures  the  incontrovertible  truth  that  the  level  of  prosperity 
now  common  in  developed  nations  has  also  purchased  better  health  serv- 
ices, educational  systems,  and  a  host  of  other  social  benefits  to  which  less  for- 
tunate nations  still  aspire.  To  people  in  the  developing  world  environmiental 
concerns  are  simply  not  of  the  highest  priority. 

The  political  consequences  of  this  tactlessness  by  people  from  industrialized 
societies  are  serious.  The  intellectual  sins  committed  b.v  the  environmentalists 
are  more  serious  still.  The  common  justification  of  their  technique  of  deliberate 
exaggeration  is  the  claim  that  it  is  necessary  to  stir  i^eople  up,  to  get  things  done. 
But  people  are  easily  anesthetized  by  overstatement,  and  there  is  a  danger 
that  the  environmental  movement  will  fall  flat  on  its  face  when  it  is  most 
needed,  simply  because  it  has  pitched  its  tale  too  strongly. 


Avoiding  a  Limit  to  Growth 

(By    W.    Donham    Crawford,    President,    Edison    Electric    Institute) 

Not  long  ago,  at  a  special  press  conference  in  Washington,  a  group  of  govern- 
ment ofiicials,  economists  and  scientists  gathered  to  review  the  results  of  a  study 
sponsored  by  the  "Club  of  Rome"  and  published  under  the  title  of  The  Limits 
To  Growth.  The  Club  of  Rome  is  an  organization  set  up  about  4  years  ago  by 
an  idealistic  Italian  industrialist  with  an  interest  in  ecology.  The  study  on 
the  limits  of  growth  is  the  first  commissioned  by  the  club,  and  consists  of  a 
computer  model  developed  at  the  Massachusetts  Institute  of  Technology.  It  fore- 
casts doom  for  mankind  if  we  try  to  continue  on  the  path  of  industrial  and 
technological  development  on  which  we  are  now  moving.  The  study  represents 
the  latest,  and  probably  the  most  thoroughgoing,  expression  of  a  point  of  view 
which  has  been  gaining  increasing  attention  in  this  country  over  the  past  months. 

During  the  next  few  minutes  I  would  like  to  talk  with  you  about  the  concept 
of  growth,  particularly  as  it  relates  to  our  Nation's  long-range  goals,  and  the 
place  of  energy  in  achieving  those  goals. 

I  do  not  want  to  characterize  the  MIT  study  unfairly.  The  authors  have  taken 
on  an  enormous,  complpx  task.  They  attempt  to  treat  the  entire  Earth  as  a  single 
s.vstem  and,  in  order  to  approach  this  almost  impossible  problem  at  all.  they 
were  forced  to  make  a  number  of  assumptions  and  aggregations  of  data  which 
are  difficult  to  defend  in  themselves.  For  instance,  they  assume  that  the  popu- 
lation growth  rate  of  the  world  is  the  same  all  over  the  Earth,  although  growth 
rates  can  vary  from  country  to  country  and  region  to  region  by  a  factor  of  six 
or  more.  They  lump  all  kinds  of  pollutants  together,  as  well,  ignoring  differences 
in  the  toxicity  and  nuisance  levels.  One  can  understand  and  accept  these  as- 
sumptions, and  make  appropriate  mental  adjustments  in  regard  to  the  con- 
elusions.  The  central  point  of  the  study  is  that  if  things  continue  on  their  course, 
man  will  come  to  disaster  in  about  .50-100  years.  Stretch  the  50  years  to  500  years 


423 

and  the  point  remains  the  same.  At  some  time  in  the  future,  if  things  go  on  as 
they  are,  man  will  come  to  an  end. 

This  is  one  of  the  basic  flaws  in  the  study — the  assumption  that  things  will 
go  on  as  they  are.  Ever  since  economic  growth  really  began  some  200  years  ago, 
with  the  inception  of  the  industrial  revolution,  any  philosopher,  economist  or 
scientist  wanting  to  delve  into  the  future  would  have  been  constrained  to  fore- 
cast worldwide  doom  if  he  began  by  plotting  existing  expotential  growth  against 
established  technology.  A  well-known  British  economic  journal  has  pointed  out 
that  in  1872  any  scientist  could  have  told  you  that  a  city  the  size  of  a  modern 
London  or  New  York  was  impossible  because  there  would  be  no  room  to  stable 
all  the  horses  required  for  iutra-city  transportation — and  the  danger  of  asphyx- 
iation from  manure  would  be  extreme. 

Discussion  of  economic  growth  outside  the  strict  limitations  and  technical 
language  developed  by  economists  is  fraught  with  danger  for  the  amateur.  How- 
ever, the  Club  of  Rome  challenges  us,  as  citizens  of  modern  society,  to  addre.ss 
this  difficult  concept  and  to  try  to  reach  our  own  conclusions.  In  doing  so,  we 
must  avoid,  for  example,  confusing  gross  national  product  with  growth,  as  so 
many  people  seem  to  be  doing.  GNP  is  one  measure  of  economic  activity  which 
has  proved  helpful  to  our  understanding  in  recent  years.  The  non-expert  accepts 
it  in  the  same  way  he  accepts  the  Dow-Jones  average  as  a  measure  of  the  stock 
market.  Of  course,  any  investor  will  tell  you  that  the  market  measure  most  mean- 
ingful to  him  is  the  price  of  the  shares  he  owns.  The  Dow-Jones,  the  Consumer 
Price  Index  and  gross  national  product  are  all  useful  to  us  in  measuring  economic 
activity,  but  they  are  little  more  than  that. 

The  traditional  view  of  economics  held  by  most  of  us  in  this  country  suggests 
that  economic  growth  should  provide  the  greatest  good  for  the  greatest  number 
of  people.  We  have  said  that  in  working  toward  this  goal  we  should  allow  in- 
dividuals the  freedom  to  select  the  goods  they  want.  The  essence  of  freedom  is 
the  ability  to  select  one's  own  goals  and  to  have  the  opportunity  to  achieve  them. 
In  these  terms,  economic  growth  means  the  increasing  ability  of  a  society  to 
provide  people  with  opportunity  to  choose  and  attain  the  goals  they  elect  for 
themselves- 

Energy  has  been  one  of  our  most  important  tools  in  working  toward  our  goals. 
Used  in  machines,  it  has  multiplied  man's  ability  to  get  work  done.  The  increasing 
availability  of  energy  has  made  possible  the  development  of  technologies  which 
have  created  jobs,  produced  income,  and  brought  higher  living  standards. 

The  germ  of  truth  in  the  Club  of  Rome  study  is  that  in  achieving  the  economic 
goals  we  have  set  for  ourselves  we  may,  if  we  are  not  careful,  shut  off  some 
important  and  desirable  options.  The  conclusions  of  the  study  are  so  pessimistic 
they  may  appeal  to  the  gloomy  side  that  dwells  in  most  of  us.  What  is  not  obvious 
to  the  casual  reader  is  that  the  pessimistic  conclusions  stem  directly  from  the 
pessimistic  assumption  that  technological  development  has  come  to  an  end, 
and  that  there  are  no  roads  out  of  the  slough  before  us. 

A  technological  optimist  rejects  this  assumption,  and  therefore  the  conclusion, 
almost  out  of  hand.  I  would  range  myself  on  this  .side.  It  seems  to  me  the  real 
problem  before  us  is  to  find  ways  to  continue  to  use  energy  effectively  to  avoid 
limits  on  our  options,  particularly  in  the  environmental  area,  the  importance  of 
which  we  have  come  to  appreciate  more  fully  in  recent  years. 

The  technological  pessimist  says  the  solution  to  our  problems  lies  in  using 
less  energy.  The  optmist  takes  the  reverse  position-  He  see,  for  example,  that 
sewage  treatment  plants,  which  we  need  by  the  thousands,  will  require  large 
amounts  of  energy  to  pump  millions  of  gallons  of  waste  through  screening, 
filtering  and  clarifying  systems.  He  sees  the  necessity  for  recycling  used 
materials  and  knows  the  energy  required  is  enormous — 90  million  kilowatt- 
hours  a  year  for  one  automobile  recycling  plant,  for  instance.  He  .sees  the  need 
for  creating  new  jobs  in  order  to  raise  living  .standards  for  all  the  people,  and 
this  means  increasing  energy  supplies.  Remember,  about  two-thirds  of  the  electric 
energy  consumed  in  this  country  is  utilized  by  commerce  and  industry.  Only 
one-third  is  used  in  the  home. 

The  question  he  asks  is,  How  can  we  use  energy  most  effectively  and  in  what 
form  can  it  be  used  best?  Increasingly,  the  answer  is:  to  use  electricity- 

A  recently  completed  ^tudy  shows  that,  in  1980,  if  all  residential  space  heating 
in  the  United  States  were  electric  rather  than  largely  fossil -fueled,  as  at  present, 
the  environmental  impact  would  be  substantially  less  and  a  smaller  quantity  of 
economically  useful  natural  resources  would  l>e  consumed.  A  similar  study 
comparing  electric  road  vehicles  and  conventional  cars,  both  assumed  to  meet 
relevant  federal  aid  quality  standards,  leads  to  a  similar  conclusion  in  favor 
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of  the  electric  vehicle.  These  studies,  made  by  an  independent  consulting  or- 
iEjanization,  are  available  on  request.  We  A^dll  be  glad  to  send  yon  copies-  The 
point  they  underiine  is  that  energy  is  needed  to  carry  out  the  environmental  im- 
provements we  desire  and  that  electricity  is  the  most  environmentally  desirable 
form  of  energy  to  be  used  in  many  instances. 

Electricity  is  not  the  problem.  It  is  a  major  part  of  the  solution  to  the  environ- 
mental problem. 

Those  vs^ho  would  limit  the  use  of  electricity  sometimes  suggest  that  the  most 
direct  way  to  do  so  would  be  to  charge  large  users  the  same  or  a  higher  rate  per 
kilowatt-hour  than  small  users.  Let  me  take  a  moment  to  point  out  the  fallacy 
in  this  idea. 

In  all  businesses  the  total  cost  of  goods  or  services  is  made  up  of  fixed  and 
variable  costs.  Fixed  costs  are  those  that  the  producer  incurs  regardless  of  the 
quantity  he  produces.  The  more  his  output,  tlie  more  units  of  production  there 
are  over  which  to  distribute  the  fixed  cost.  Variable  costs,  on  the  other  hand,  are 
directly  related  to  the  quantity  produced.  The  variable  cost  of  the  millionth  unit 
is  essentially  the  same  as  the  variable  cost  of  the  first.  Depending  on  the  pro- 
portions of  these  two  types  of  costs,  the  average  total  cost  will  decline  with 
increasing  production. 

Most  manufacturers  have  considerable  control  over  their  ratio  of  fixed  to  var- 
iable costs.  They  can  start  up  or  shut  down  production  when  it  is  most  prudent 
and  they  can  accept  orders  for  delayed  delivery.  They  are  also  free  to  commit 
or  not  commit  tliemselves  to  plant  expansion.  Electric  utilities  must  produce 
kilowatt-hoiars  whenever  their  customers  demand  electricity.  Service  must  be  in- 
stantaneous. There  can  be  no  stockpiling  of  the  product.  Moreover,  utilities  are 
obliged  to  expand  if  the  requiremets  of  their  customers  increase.  They  do  not 
have  the  option  of  refusing  business.  As  a  result,  power  companies  have  much 
less  control  over  the  ratio  of  their  fixed  to  variable  costs. 

If  an  electric  company  customer  uses  only  small  amounts  of  electricity,  the 
price  he  pays  will  mainly  reflect  his  share  of  the  fixed  costs  involved  in  serving 
him — the  expense  of  building  powerplants.  transmission  lines,  costs  of  metering 
and  billing  and  so  forth.  If  he  uses  large  amounts,  these  fixed  costs  are  distrib- 
uted over  more  kilowatt-hours  and  the  cost  per  kilowatt-hour  will  be  less.  Variable 
costs,  being  a  function  of  the  number  of  kilowatt-hours  actually  consumed,  will 
of  course,  be  the  same  per  kilowatt-hour  for  all  customers.  However,  about  75 
percent  of  the  total  cost  of  producing  and  delivering  electricity  represents  fixed 
costs. 

This  explains  why  a  large  user  usually  has  a  lower  unit  cost  than  a  small 
user.  No  subsidy  of  any  kind  is  implied.  The  difference  in  the  average  cost  per 
kilowatt-hour  is  due  solely  to  the  spreading  of  fixed  costs  over  a  larger  number 
of  kilowatt-hours  in  the  case  of  the  larger  user. 

If  the  same  rate  or  higher  rate  were  charged  with  increasing  consumption, 
the  price  would  not  bear  a  valid  rel"<^ionship  to  the  cost  of  service  and  would  ob- 
viously not  be  a  true  cost.  Such  penai    •  rates  are  clearly  discriminatory  by  nature. 

This  is  not  to  say  that  higher  prices  should  not  be  charged  if  the  cost  of  pro- 
viding the  service  is  higher,  as  is  true  during  peak  load  periods.  Many  utility  com- 
panies use  this  approach,  by  charging  higher  prices  for  onpeak  service  than  for 
offpeak  service. 

There  are  those  who  suggest  inverting  electric  rate  schedules  for  other  rea- 
sons, among  them  as  a  means  for  redistributing  income.  Such  an  approach  would 
require  divorcing  prices  from  costs,  and  this  concept  makes  most  economists 
uncomfortable.  Artificially  conceived  rate  structures  designed  to  achieve  social 
objectives  are  of  dubious  value,  in  my  view.  It  would  seem  wiser  to  attempt  to 
attain  the  desired  ends  through  more  direct  means. 

Increasing  costs  of  providing  electricity,  including  costs  of  capital,  environ- 
mental costs,  and  other  expenses,  lead  to  the  inescapable  conclusion  that  the 
long-range  downward  trend  in  the  average  price  per  kilowatt-hour  has  changed 
direction,  at  least  temporarily.  At  the  same  time,  competitive  forms  of  energy 
are  still  feeling  the  same  cost  pressures  and  the  relative  positions  are  not 
changing  in  any  marked  way.  For  this  reason,  it  seems  unlikely  that  the  pattern 
of  the  electric  growth — about  two  and  a  half  times  the  average  annual  growth 
rate  of  total  energy  use  in  this  country — will  change  in  the  near  future. 

Our  nation  was  blessed  with  substantial  resources  of  raw  energy — coal,  gas, 
oil,  falling  water,  and  nuclear  fuels.  Most  of  our  economic  hydroelectric  sites 
have  been  developed  and  gas  is  now  in  short  supply.  Largely  for  economic  reasons, 
we  have  increasingly  turned  to  foreign  sources  for  oil.  While  our  reliance  on 
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imports  will  doubtless  continue  for  the  foreseeable  future,  particularly  with 
respect  to  low-sulfur  fuel  oil,  it  seems  a  questionable  policy  from  the  point  of 
view  of  national  security  over  the  Ions  term.  Sisnificant  oil  resources  in  Alaska 
and  Canada  are  as  vet  untapped,  but  it  apparently  will  be  years  before  fuel  from 
these  sources  can  be  brought  to  market.  Oil  shale  offers  another  important,  though 
less  accessible  natural  resource  for  fuel  supply.  Nuclear  power  has  come  along 
rapidly,  but  at  the  moment  represents  only  a  small  fraction  of  our  total  require- 
ments. 

This  leaves  coal  as  our  fuel  resource  in  greatest  abundance  and  with  the  most 
usefulness  in  many  areas  for  the  short  term.  Here  the  difficulty  lies  in  stringent 
environmental  restrictions.  I  believe  there  is  an  urgent  need  to  modify  policies 
and  regulations,  at  least  on  a  temporary  basis,  so  as  to  permit  the  continued 
and  increased  use  of  our  coal  resources  in  areas  where  viable  alternatives  are 
not  available. 

Electricity  generation  today  does  not  place  an  insuperable  demand  on  the 
Nation's  fuel  reserves — our  estimate  indicate  that  in  1970,  power  generation  con- 
sumed approximately  0.1  percent  of  the  Nation's  proven  re.sources  of  coal,  oil, 
and  gas.  The  problem  is  not  so  much  the  extent  of  consumption  of  our  fuel  re- 
sources as  it  is  an  inability  to  use  these  resources  in  an  environmentally  and 
economically  acceptable  way.  For  the  more  distant  future,  technology  can  pro- 
vide us  with  additional  energy  sources,  such  as  the  breeder  reactor,  fusion,  and 
possibly  solar  energy. 

Today,  fuel  and  energy  developments  in  this  country  are  affected  by  a  melange 
of  governmental  policies  and  regulations  which  are  often  in  direct  conflict  with 
each  other.  My  own  view  is  that  we  might  be  well  served  by  a  new  institutional 
mechanism  for  coordinating  these  policies  in  a  way  that  will  meet  the  public 
interest.  A  model  for  the  kind  of  instrumentality  I  have  in  mind,  at  least  at 
the  Federal  level,  is  the  National  Security  Council  which  constitutes  a  forum 
for  Federal  policies  in  the  national  security  field.  The  Department  of  State, 
the  Defense  Department,  and  other  affected  governmental  agencies  participate. 
The  Domestic  Council  functions  in  a  similar  manner  for  domestic  issues. 

A  National  Energy  Council,  reporting  directly  to  the  President  and  consisting 
of  the  heads  of  various  Federal  agencies  with  energy  responsibilities,  could 
be  most  helpful  in  bringing  order  to  many  disconnected,  inconsistent,  and  in- 
coherent policies  under  which  we  now  function.  Such  a  Council  would  concern 
itself  with  coordination  of  governmental  policies  relating  to  the  interface 
between  energy  supply,  fuel  supply,  and  environmental  considerations.  Primary 
reliance  for  meeting  the  Nation's  energy  needs  would  continue  to  be  placed  on 
the  fuel  and  energy  industries.  This  is  the  system  that  has  served  our  country 
so  well  in  the  past  and  will  do  so  in  the  future. 

The  structure  of  the  Council  would  require  a  careful  definition,  for  energy 
activities  at  the  Federal  level  now  include  research  and  development,  licensing 
and  regulation,  as  well  as  policymaking.  The  setting  up  of  an  energy  "czar" 
should  certainly  be  avoided.  The  strength  of  this  country's  economic  and  political 
system  is  that  we  have  multiple-decision  centers,  each  one  balanced  by  others, 
so  that  the  best  overall  conclusion  will  result.  Conceivably,  the  President  might 
appoint  distinguished  members  of  the  public  to  the  Council  as  a  means  of  provid- 
ing a  broader  point  of  view  to  its  deliberations. 

Government  agencies  which  come  to  mind  for  representation  on  the  Council 
are  the  Interior  Department,  the  Atomic  Energy  Commission  (with  respect  to  its 
developmental  activities),  the  Office  of  Science  and  Technology,  the  Office  of 
Emergency  Planning,  the  National  Bureau  of  Standards,  the  Council  on  Environ- 
mental Quality,  the  Council  of  Economic  Advisers,  and  possibly  the  Department 
of  State.  The  Chairman  of  the  President's  Council  of  Economic  Advisers  might 
serve  as  Chairman  of  the  Energj'  Council,  as  Dr.  McCracken  did  with  resi^ect  to 
what  I  under.stand  to  be  a  temporary  committee  on  energy  policy.  Appropriate 
roles  would  need  to  ))e  defined  for  regulatory  bodies,  such  as  the  Federal  Power 
Commission,  the  Atomic  Energy-  Commission,  and  the  Environmental  Protection 
Agency,  for  environmental  and  consumer  interests,  and  for  the  fuels  and  energy 
industries  themselves.  Perhaps  such  roles  would  be  in  the  nature  of  advisory 
committees. 

The  Council  would  not  supplant  a  Department  of  Natural  Resources  if  such  a 
body  comes  into  lieing  as  recommended  by  the  President.  Instead,  the  Council's 
functions  would  complement  the  activities  of  the  new  Department. 

Some  examples  of  subjects  for  consideration  by  the  Council  might  be  the 
following : 
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1.  A  conclusion  is  reache<l  by  EPA  that  the  technology  does  not  yet  exist  to 
remove  sulfur  from  stack  gases  on  a  demonstrable,  practicable  basis.  The 
Council  would  discuss  alternative  approaches  to  meeting  national  air  quality 
standards  over  the  next  few  years,  such  as  facilitating  the  importation  of 
low-sulfur  fuel  oil.  encouraging  exploration  for  natural  gas,  and  giving  credit 
for  the  use  of  tall  stacks  to  mitigate  ground  level  SO2  concentrations.  Conclu- 
sions of  the  Council  would  be  conveyed  to  appropriate  Government  agencies 
for  implementation. 

2.  Court  decisions,  such  as  those  pertaining  to  Quad  Cities  and  the  1899 
Refuse  Act,  place  in  jeopardy  the  electric  utility  industry's  ability  to  operate 
new  plants  needed  to  meet  peak  loads  expected  in  the  near  future.  The 
Council  would  provide  an  established  instrument  for  promptly  arriving 
at  recommendations  to  remedy  the  situation. 

3.  FPC  concludes  that  foreseeable  sources  of  additional  gas  supply  will  not 
meet  the  Nation's  needs  in  the  years  ahead.  The  Council  finds  that  accelerated 
research  into  coal  gasification  is  required  and  communicates  this  conclusion 
to  appropriate  Government  agencies  and  to  industry  research  organizations, 
such  as  the  newly  established  Electric  Power  Research  Institute,  for 
implementation. 

These  suggestions  are  only  my  own  thoughts  on  the  subject  and  I  am  sure 
that  they  can  be  substantially  improved  upon.  They  do  represent  one  approach 
which  seems  to  me  to  have  some  merit. 

Whatever  the  means  may  be,  we  need  to  address  ourselves  as  a  nation  to  assur- 
ing that  we  continue  to  have  an  ample  supply  of  energy  to  meet  the  growing 
demands  for  environmental  cleanup,  for  more  income  for  more  people,  and  for  a 
better  quality  of  life  for  all  Americans. 


The  Ecological  Effects  of  Growth 

(Testimony  of  Dr.  George  N.  Woodwell,  Brookhaven  National  Laboratory) 

Many  of  the  ramifications  of  growth  have  been  explored  recently  in  documents 
familiar  to  you  such  as  TJie  Limits  to  Growth  (Meadows  et  al.  1972).  Blueprint 
for  Survival  (Goldsmith  et  al.,  1972)  and  Mishan's  The  Cost  of  Economic 
Groivth  (Mishan,  1967).  These  documents  establish  that  many  facets  of  growth 
as  we  have  known  it  through  the  past  century  will  slow  or  stop  within  the  next 
decades.  The  principal  question  is  whether  we  will  have  any  control  over  the 
tran.sition,  avoiding  the  discomforts  of  Malthusian  limits  or  analogous  chaos.  I 
applaud  your  attempt  to  address  the  question  directly. 

I  shall  examine  an  aspect  of  the  cost  of  growth  that  has  not  been  explored  ade- 
quately in  these  documents  or  elsewhere.  This  is  the  dependence  of  man  on  the 
Earth's  living  resources.  I  believe  that  the  data  I  shall  summarize  indicate  that 
this  dependence  is  far  greater  than  the  world's  intellectual,  political  or  economic 
leaders  have  commonly  acknowledged,  that  irreversible  changes  are  occurring  at 
the  moment  that  have  great  imjwrtance  for  all,  and  that,  while  significant  steps 
have  been  taken  recently  in  our  own  air  and  water  pollution  bills,  much  more 
powerful  steps  are  needed  to  prevent  major,  irreversible  changes  in  the  capacity 
of  the  Earth  for  support  of  man. 

First,  the  problem  is  urgent,  perhaps  the  very  most  urgent  of  the  plethora  of 
urgencies  of  our  time.  There  is  a  common  tendency  to  think  of  pressures  on  en- 
vironment as  directly  correlated  with  the  growth  of  population ;  and  so  they  are. 
The  population  of  the  Earth  is  expected  to  double  in  the  next  30-35  years.  But 
pressures  on  environment  are  also  a  product  of  human  activities.  People  who 
have  cheap  energy,  for  instance,  can  command  more  of  the  Earth's  resources  than 
those  who  do  not.  Indeed,  one  of  the  advantages  of  having  an  abundance  of  energy 
is  precisely  this  control  over  other  resources.  The  aggregate  demand  on  resources 
is  the  product  of  the  number  of  people  times  their  average  impact  per  person. 
Various  indices  suggest  that  aggregate  impact  is  increasing  very  much  more  rap- 
idly than  the  population  alone.  A  review  of  the  "Gross  Domestic  Product."  which 
does  not  include  services,  taken  from  the  U.N.  Statistical  Yearbook  (196S),  shows 
an  annual  increase  since  19.50  of  5  to  6%  or  a  doubling  time  of  12-14  years  (SCEP, 
p.  119).  The  Gross  Domestic  Product  might  be  taken  as  one  index  of  the  aggre- 
gate effect  of  man  on  environment. 

Similarly,  the  amount  of  energy  used  in  support  of  the  technological  segment 
of  society  is  another  index  of  aggregate  demand  on  resources.  World  use  of  fossil 
fuel  energy  has  increased  for  the  last  century  at  about  4  percent  per  year,  giving 
a  doubling  time  of  about  18  years  (Hubbert  1968) . 
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Such  considerations  suggest  that  the  aggregate  effects  of  man  on  environment 
are  doubling  in  between  one  and  two  decades,  perhaps  less.  This  is  a  very  short 
time  when  we  consider  the  time  required  for  major  changes  in  social  systems. 

Certain  effects  increase  at  much  greater  rates.  In  the  15  years  between  1951-66 
a  34  percent  increase  in  food  production  was  accompanied  by  a  146  percent  in- 
crease in  use  of  nitrates  and  a  300  percent  increase  in  use  of  pesticides.  These 
relationships  are  shown  in  table  1.  There  appears  to  be  every  reason  to  believe 
that  the  further  intensification  of  agriculture  will  require  similarly  dispropor- 
tionate efforts,  perhaps  more  so,  as  less  fertile  lands  are  put  into  production.  There 
is  reason,  moreover,  to  fear  that  toxification  of  the  environment  over  large  areas 
wnll  aggravate  this  problem  significantly.  It  is  difficult  to  exaggerate  the  speed 
with  which  these  problems  are  developing  or  their  potential  for  disruption. 

Second,  contrary  to  the  arguments  of  many  economists  and  others,  the 
earth's  biota  is  our  single,  most  important  resource.  While  protecting  it  will 
not  assure  wealth  and  grace  for  man,  its  decimation  will  assure  increasing 
hardship  for  all.  We  can  gain  insight  by  examining  certain  aspects  of  the 
earth's  energy  budget,  including  especially  the  nonbiotic  energy  used  directly 
by  man  in  support  of  technology  and  the  energy  used  by  plants  in  support  of 
the  essential  qualities  of  that  thin  surface  layer  of  the  earth  that  contains  all 
life.  I  use  energy  for  my  simplification  because  energy  is  the  basis  of  the  wealth 
of  the  western  nations  and,  as  we  have  seen,  it  can  be  used  as  an  index  of  total 
human  activity.  I  use  it  also  because  those  who  advocate  reliance  on  growth  as  a 
solution  for  all  problems  rely  on  an  abundance  of  cheap  energy  which  can  be 
used  to  substitute  resources  for  one  another  as  need  arises.  Energy  can  also  be 
used  to  measure  the  intenstiy  of  biotic  activity  on  a  regional  or  global  basis. 
A  brief  discussion  and  comparison  of  these  two  flows  of  energy,  that  through 
man-dominated  systems  and  that  through  the  earth's  biota,  provides  an  indi- 
cation of  the  scale  of  human  activities  and  offers  one  index  of  the  limits  of 
the  earth  for  support  of  man. 

First,  world  consumption  of  nonbiotic  energy  is  summarized  for  1967  in 
Table  2.  Total  energy  use  worldwide,  including  all  nonbiotic  sources,  was 
estimated  as  about  45x10"  KWH.  Virtually  all  of  it  was  from  fossil  fuels. 
About  35  percent  of  the  total  energy  was  used  by  the  United  States  anJ  about 
86  percent  by  the  "developed"  countries.  If  all  the  people  of  the  world  used 
energy  at  the  U.S.  rate  in  1967,  total  energy  use  would  have  been  6.6  times 
higher  than  it  was  then.  Chauncey  Starr,  writing  in  Scientific  American 
in  1971,  estimated  that  if  the  people  of  the  underdeveloi^ed  countries  were 
able  to  reach  the  present  U.S.  standard  of  living  by  the  year  2000.  total  world 
energy  consumption  would  be  100  times  the  present  consumption.  This  is.  of 
course,  impossible.  Petroleum  is  the  most  versatile  form  of  readily  available 
energy  at  present.  :m.  K.  Hubbert  in  1969  provided  an  authoritative  appraisal 
of  world  supplies,  reproduced  here  as  Fig.  1.  By  either  of  the  two  assumptions 
as  to  the  total  quantitv  of  petroleum  on  earth,  we  can  exiiect  to  enter  the 
declining  phase  of  extraction  and  use  worldwide  by  the  year  2000  or  sooner. 
A  6-fold  increase  in  rate  of  use  is  not  possible;  the  maximum  use  may 
be  2  times  the  present  rate,  but  will  decline  almost  immediately  because  of 
declining  supplies.  Coal  is  a  very  much  larger  resource  and  might  sustain 
greatly  increased  use.  but  at  substantial  cost  to  environment  in  strip  mining 
and  in  air  pollution.  Nuclear  energy's  potential  is  not  being  realized  for  a 
variety  of  important  reasons.  Other  nonbiotic  sources  of  energy  are  small. 
The  possibilities  for  sustaining  a  doubling  time  of  15-20  years  for  energy 
use  worldwide  for  more  than  another  doubling  look  questionable  at  present 
simply  on  the  basis  of  the  size  of  the  resources  and  the  magnitude  of  the 
problems  of  extraction  and  distribution.  Supplies  of  nonbiotic  energy  are  finite. 
The  problems  of  supply  in  the  next  decades  are  sufficient  of  themselves  to  give 
pause  to  those  who  assume  that  growth  as  we  have  known  it  in  recent  decades 
can  continue  to  float  on  cheap  nonbiotic  energy. 

The  second  flux  of  energy  T  wish  to  examine  is  the  flux  through  biotic  systems, 
which  is  summarized  in  Table  3.  This  flux,  while  often  overlooked  by  those 
considering  the  issues  of  the  human  future,  is  far  more  fundamental  to  human 
welfare  than  the  nonbiotic  energy  we  have  been  considering.  With  only  trivial 
exceptions  this  energy  represents  all  of  the  life  of  the  earth  including  man 
and  sets  one  limit  on  the  size  of  human  activities.  Hidden  in  the  table  is  all 
of  human  food,  both  plant  and  animal,  some  of  man's  fuel,  his  fiber  and  other 
resources :  hidden  also  are  services  such  as  the  stabilization  of  water  flows. 
the  amelioration  of  climate,  the  cleaning  of  water  and  air,  and  the  control 
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of  plant  and  animal  populations.  These  services  are  performed  at  no  cost  to 
man  by  systems  that  would  build  and  repair  themselves.  The  services  to  man 
can  be  disrupted  and  lost ;  when  they  are,  large  costs  accrue  to  society  for  flood 
control,  for  land  stabilization,  for  subsidies  of  various  types,  for  pest  control, 
and  for  various  forms  of  social  repair  and  relief.  It  is  reasonable  to  assert 
that  when  large  increments  in  the  earth's  capacity  or  maintaining  that  this  flux 
of  biotic  energy  are  lost,  the  earth  has  lost  a  significant  segment  of  its  capacity 
for  support  of  man.  This  energy,  too,  is  finite :  the  total  for  the  world  was 
estimated  most  recently  by  Whittaker  and  Likens  (1973)  as  841  x  10''  KWH  of 
net  primary  production  per  year.  Net  primary  production  is  the  dry  organic 
matter  or  energy  that  is  left  over  after  the  needs  of  the  plants  for  metabolism 
have  been  filled  of  the  plants  for  metabolism  have  been  filled :  it  is  the  energy 
available  to  support  man,  other  animals  and  the  decay  organisms.  More  than 
60  percent  of  the  earth's  net  production  is  terrestrial,  most  of  that  in  forests. 
Cultivated  land  provides  for  only  43  x  10  '■  KWH  of  this  total.  Probably  some- 
where between  5  and  10  percent  of  the  world  total  is  used  directly  now  in 
support  of  man  as  food,  fuel  or  fiber.  The  fraction  of  the  net  production  of 
the  sea  used  as  food  may  be  higher  than  that  for  land  because  we  harvest 
only  fish  and  may  be  harvesting  fish  now  at  close  to  the  maximum  rate  that 
the  oceans  can  sustain. 

The  most  difiicult  question  for  us  is  how  much  of  this  flux  is  used  indirectly 
in  support  of  man  through  maintenance  of  essential  service?  How  big  can 
human  activities  get  with  respect  to  the  rest  of  life  before  all  aspects  of  life 
in  the  broadest  context  of  the  meaning  of  "life"  are  progressivel.v  degraded? 
It  seems  very  doubtful  that  we  will  be  able  to  substitute  energy-based  technolo- 
gies for  all  of  the  functions  of  forests,  for  the  functions  of  the  biota  of  the 
oceans,  or  for  the  biota  of  the  coastal  wetlands.  These  are  simple  systems  in  the 
limited  sense  that  they  run  themselves.  They  do  not  require  man-controlled 
energy  to  sustain  them ;  they  do  their  job  in  support  of  man  without  any 
tinkering  from  us.  How  can  we  measure  the  total  function  of  these  systems 
in  support  of  man?  Keeping  in  mind  the  age-old  principle  of  ecology  that  no 
single-factor  analy.sis  is  ever  adequate,  we  may  use  as  one  criterion  a  comparison 
of  the  flux  of  energy  through  natural  systems  with  that  through  man-dominated 
systems  to  establish  an  estimate  of  the  equivalence  between  the  constructive 
forces  of  ecolo.srical  succession  and  the  biotically  destructive  forces  of  fossil- 
fueled  man.  Table  4  offiers  such  a  comparison  ( Woodwell  1972) . 

Less  than  0.1  percent  of  the  solar  energy  impingent  on  the  top  of  the  atmos- 
phere is  fixed  in  photosynthesis  and  made  available  as  net  production.  This  does 
not  mean  that  photosynthesis  is  inefllicient,  it  simply  means  that  the  rest  of 
the  solar  energy  is  used  in  other  wa.vs.  Photosynthesis  provides  an  average 
worldwide  density  of  net  production  of  1.4  kWh/mV.vear  of  the  surface  of  the 
earth.  The  non-biotic  energy  flux  controlled  by  man  when  averaged  over  all 
of  the  land,  is  very  much  lower,  about  0.3  kWh/mV.vear:  the  average  flux  in 
the  United  States  is  about  1.67  kWh/m^/year,  appreciably  less  than  5-15 
kWh/m^  characteristic  of  forests  and  agriculture  in  the  temperate  zone.  In 
areas  such  as  Manhattan  and  Brooklyn  the  flux  of  nonbiotic  energy  probably 
rises  to  1.000-3,000  kWh/mVyear  (Table  4),  nearly  as  high  as  the  mean  solar 
flux  at  the  top  of  the  atmosphere.  These  areas  are  clearly  dependent  on  other 
regions  for  food,  fiber  and  essential  services.  The  significance  of  the  worldwide 
fluxes  and  the  U.S.  flux  require  further  analysis.  What  can  we  say  about  the 
effects  on  the  biosphere  of  the  growth  of  liuman  activities  to  the  point  of  using 
an  average  of  1.67  kWh  of  energy  annually  per  square  meter  over  the  entire 
United  States?  The  answer  is  suflficiently  complex  to  be  easily  ignored.  I  shall 
offer  an  answer  in  two  segments.  First,  a  general  segment  showing  the  pattern 
of  change  in  the  biota  caused  by  disturbance :  second  an  examination  of  certain 
specific  effects  that  are  more  or  less  directly  caused  by  energy  production. 

There  is  a  popular  assiamotion  that  the  earth's  biota  is  a  more  or  less  random 
arra.v  of  species,  capable  of  adjusting  by  evolution  or  short-term  successional 
rearrangements  to  virtually  any  disturbance.  The  assumotion  is  misleading. 
A  hundred  years  of  post-Darwinian  experience  has  shown  that  there  are  clear, 
quantitative  relationships  between  species  by  whatever  criterion  we  choose  for 
measurement.  If  we  choose  energv.  we  can  show  that  there  is  in  any  mature 
natural  community  a  transfer  of  10-20  percent  of  the  energy  fixed  by  the  plnnts 
to  animals  that  eat  plants.  Consumers  of  these  animals  commonly  take  10-20 
percent  of  this  energy.  And  so  on  through  two  or  three  levels  of  carnivores. 
No  matter  how  large  the  plant  population  and  its  net  production,  carnivores 
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will  be  rare  because  there  is  simply  not  enough  energy  transferred  to  them 
to  support  them  in  abundance.  This  does  not  mean  that  they  are  unimportant; 
they  exert  controls  over  the  sizes  of  populations  below  them  in  the  trophic 
structure  that  keep  the  flow  of  energy  within  the  10-20  percent  limits.  This 
simplification  emphasizes  that  there  are  quantitative  relationships  between 
populations  in  nature.  Natural  systems  have  powerful  interactive  mechanisms 
to  maintain  these  relationships  and  to  preserve  the  integrity  of  biotic  structure. 
There  is  overwhelming  evidence  that  man  is  now  overriding  these  interactive 
mechanisms  by  changing  the  basic  chemistry,  physics  and  therefore  the  biology 
of  the  earth,  locally,  regionally,  and  worldwide.  What  are  the  changes,  how 
important  are  they,  and  what  should  be  done? 

The  changes,  no  matter  how  complex  they  may  appear  and  potentially  ad- 
vantageous in  one  or  more  respects,  are  reductions  in  biotic  structure  that 
can  only  be  considered  imstabilizing  and  retrogressive.  The  pattern  is  con- 
sistent throughout  all  of  the  plant  and  animal  communities  of  the  earth.  First, 
the  highly  specialized  carnivores,  ijerched  high  in  the  food  web,  are  reduced 
or  eliminated  either  by  the  accumulation  of  toxins  such  as  the  chlorinated 
hydrocarbons  or  by  changes  in  the  food  web  below  them  that  leave  them  without 
an  essential  ingredient  of  their  environment.  Second,  the  entire  array  of  plants 
and  animals  is  changed  from  one  in  which  large  bodied,  long-lived  species  occur 
to  one  in  which  small-bodietl,  short-lived,  rapidly  reproducing  plant  or  detritus- 
eating  organisms  predominate.  We  see  this  pattern  now  in  the  reduction  of 
forests  in  the  Los  Angeles  Basin  by  toxins  in  the  air.  The  forest  is  replaced 
l)y  low  growing  shrubs  and  annual  herbs.  It  can  be  illustrated  dramatically 
in  agriculture  where  use  of  broadly  toxic  compounds  as  insecticides  has  elimi- 
nated predators  and  competitors  not  only  of  the  target  species  but  also  of  other 
previously  benign  inhabitants  of  the  crop,  releasing  insect  and  mite  populations 
as  new  "pests,"  all  of  which  are  herbivorous  competitors  with  man  for  the 
crop.  It  can  be  seen  in  carefully  designed  exi^eriments  such  as  those  at  Brook- 
haven  National  Laboratory  where  ionizing  radiation  has  been  used  to  reduce 
the  structure  of  a  forest  systematically  to  offer  an  opportunity  to  study  such 
questions.  It  can  be  seen  in  the  biotic  impoverishment  of  the  lands  aroimd  the 
Mediterranean   and   in   eutrophic  and   polluted   streams,   lakes,    and   estuaries. 

Data  from  Lake  Pontchartrain  obtained  by  R.  Darnell  (1961)  illustrate  these 
points  for  a  disturbed  estuarine  lake.  The  lake  was  receiving  significant  quanti- 
ties of  organic  matter  at  the  time  of  the  study  and  was  turbid  with  Mississippi 
River  silt.  It  contained  a  surprising  diversity  of  consumers,  most  of  which 
showed  a  dependence  on  two  or  more  sources  of  food  (fig.  2).  Most,  but  not 
all.  were  dependent  on  organic  detritus  in  some  degree.  It  is  clear  that  with 
further  dLsturbance  such  as  elimination  of  bottom-dwelling  animals  by  siltation, 
by  dredging,  or  by  an  oil  spill,  the  fish  populations  would  shift  still  more  heavily 
toward  plant  and  detritus-eating  forms  low  in  the  list  insofar  as  the  fish 
survived  at  all. 

It  is  important  that  here  few  species  of  fish  were  dependent  directly  on  the 
plants :  most  fed  only  indirectly  through  detritus,  zooplankton,  or  other  fish. 
Disruption  of  one  of  these  populations  has  implications  throughout  the  system, 
although  the  changes  are  often  difficult  to  measure.  The  pattern,  however,  is 
clear :  a  reduction  of  complexity  favoring  fewer  forms  that  are  detritus-feeders. 
We  guess  that  this  would  mean  a  reduction  in  total  production  of  fish :  it  would 
rertainly  mean  a  reduction  in  the  variety  of  fish  and  in  the  opportunity  for 
harvest  of  food  that  would  otherwise  be  totally  unavailable  to  man,  who  does 
not  eat  phytoplankton,  most  small  zooplankton  or  detritus. 

These  are  gross  disturbances :  minor  disturbances  such  as  small  changes  in 
the  chemistry  of  environment  must  be  assumed  to  bring  increments  of  change  in 
the  same  dfrection.  although  individual  increments  may  be  unmeasured  and  un- 
measurable.  We  are  learning  now  that  fish  and  various  other  animals  communi- 
cate by  chemical  signals  at  incredibly  low  concentrations.  With  the  experience 
of  DDT  and  radioactivity  behind  us  we  would  be  naive  to  assume  that  small  con- 
centrations of  other  substances  cannot  be  accumulated,  do  not  have  significant 
effects  at  low  concentrations,  and  cannot  be  returned  to  man  in  toxic  quantities. 
Indeed,  we  must  assume  that  they  do  have  biotic  effects  and  manage  our  alfairs 
to  assure  that  in  those  systems,  such  as  the  oceans,  lakes,  streams,  and  terrestrial 
communities,  where  b'otic  integrity  is  important  to  us.  there  is  no  accumulation 
of  minor  chemical  insults  that  can  become  significant  in  total.  This  conclusion 
l)ears  directly  on  the  recent  legislation  on  air  and  water  pollution  as  we  shall 
see  in  a  moment. 
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There  are  abundant  signs  that  growth  in  human  influences  has  already  pro- 
gressed to  the  point  where  these  individually  small  insults  are  worldwide.  Clear 
worldwide  effects  seem  to  be  limited  to  an  increase  in  the  CO2  content  of  air, 
the  worldwide  distribution  of  DDT  residues  and  PCB's  to  the  point  where  vir- 
tually every  organism  contains  detectable  residues,  to  fallout  radioactivity,  to  dust 
in  the  atmosphere,  and  to  a  worldwide  reduction  in  biotic  diversity  through  a 
combination  of  direct  exploitation  and  changes  in  habitat.  While  each  of  these 
has  potentially  great  significance  for  man,  I  use  them  only  to  emphasize  that 
we  are  changing  the  physics,  chemistry,  and  biology  of  the  earth  worldwide,  a 
clear  sign  that  growth  in  the  aggregate  effect  of  man  has  already  exceeded  the 
point  where  we  can  rely  longer  on  the  classical  assumptions  of  an  Adam  Smith- 
based  economics,  in  which  free  enterprise  organizes  itself  through  the  self- 
interest  of  the  entrepreneur  and  the  economy  grows  unbridled  into  a  limitless 
world. 

The  magnitude  and  seriousness  of  the  ecological  problems  associated  with  the 
current  scale  of  human  activities  is  shown  most  lucidly  by  a  consideration  of 
the  acidity  of  rainfall  in  the  Northeastern  United  States.  Normally  rain  has 
acidity  that  is  determined  by  the  CO2  in  the  atmosphere.  On  the  pH  scale  rain 
usually  has  a  value  of  5.6-6.0,  indicating  slight  acidity.  Increasing  acidity  is 
indicated  by  lower  numbers,  each  whole  unit  representing  a  tenfold  increase. 
During  the  past  decade  rainfall  in  widely  separate  parts  of  the  Northeastern 
United  States  and  in  Scandinavia  has  been  commonly  in  the  range  of  3.8-5.0,  oc- 
casionally as  low  as  3.0  (Likens  et  al.  1972).  The  high  acidity  has  been  cor- 
related with  an  increase  in  the  amount  of  sulfate  and  nitrate  in  the  rain  and 
is  thought  to  be  caused  by  these  acid  forming  ions.  The  source  of  sulfur  is 
probably  fossil  fuels,  including  both  petroleum  and  coal.  The  sulfur  is  oxidized  in 
combustion  and  forms  sulfuric  acid  in  precipitation.  The  nitrate  is  probably 
fixed  by  automobiles. 

The  effects  of  acid  rains  are  many  and  important.  The  acidity  is  great  enough 
to  erode  limestone  and  cement ;  it  is  also  high  enough  to  affect  lakes  and  streams 
and  to  cause  serious  effects  on  terrestrial  ecosystems.  In  southern  Norway  it  is 
reported  that  the  pH  of  streams  has  been  lowered  to  the  point  of  eliminating 
salmon  runs  (Klein.  1971).  Likens  and  his  colleagues  (1972)  report  data  sug- 
gesting that  the  acidity  of  Lake  Michigan,  the  Illinois  River,  possibly  the  Ohio 
River,  and  the  Mississippi  has  increased  in  the  last  50  to  75  years.  But  the  most 
important  effects,  as  yet  unmeasured  in  the  United  States  are  on  the  uplands. 
Acid  rains  leach  nutrients  from  leaves  and  other  tissues  of  plants.  Weak  acid 
is  also  commonly  used  to  extract  nutrients  from  soils.  A  decade  or  more  of 
highly  acid  rains  must  be  assumed  to  have  had  effects  on  nutrient  cycles  in 
terrestrial  systems  in  the  Northeast,  including  both  forests  and  agriculture.  Con- 
tinued and  increasingly  acid  rain  might  reasonably  be  expected  to  reduce  net 
production  of  plants  regionally  making  a  major  step  toward  the  biotic  im- 
provishment  of  a  segment  of  a  continent.  A  10-20  percent  reduction  in  net  pri- 
mary productivity  for  the  region  would  be  difficult  to  detect  in  less  than  several 
years.  Such  a  reduction  may  be  a  reality  now ;  it  will  be  surprising  if  it  is  not 
demonstrated  clearly  within  the  next  decade.  The  fact  that  the  effects  are 
diffuse  does  not  diminish  their  iinportance.  A  10  percent  reduction  in  the  net 
primary  production  of  the  vegetation  of  the  New  England  States  would  be  a 
loss  of  solar  energy  equivalent  to  the  output  of  15  1,<X)0  megawatt  reactors  op- 
erating at  full  capacity. 

Solutions  to  the  acid  rains  problem  are  elusive.  The  sources  of  the  sulfur  and 
nitrogen  probablv  extend  as;  far  west  as  Chicago  and  south  to  the  Gulf  States. 
The  possibility  of  shifting  to  low  sulfur  fuels  throughout  any  significant  part 
of  this  area  seems  remote  in  view  of  the  mounting  shortage  of  oil  and  the  shift 
to  coal.  An  early  reduction  in  the  consumption  of  fossil  fuels,  however  necessary, 
scarcely  appears  possible. 

The  prospect  for  the  Northeast  is  for  continued,  i)erhaps  increasingly,  acid 
rains  that  will  levy  a  tax  on  all,  but  an  especially  heavy  tax  on  those  who  gain 
their  livelihoods  directly  from  forestry,  agriculture,  fishing,  or  related  indus- 
tries. It  is  a  most  insidious  and  regressive  tax  taken  from  a  resource  that  should 
not  be  available  for  compromise  in  the  endless  series  of  "tradeoffs"  made  in 
support  of  the  classical  forms  of  growth.  This  is  a  part  of  the  uncounted  costs  of 
the  growth  we  have  experienced  to  date  that  has  led  to  a  nonbiotic  energy  flux 


431 

over  the  United  States  of  1.67  kwh/mVypar.  It  is  one  sign  that  we  are  over- 
developed— that  we  not  only  cannot  sustain  further  growth  in  the  current  pat- 
tern but  must  plan  now  for  a  substantial  revision  in  the  pattern  and  intensity 
of  our  activities. 

Solar  energy  is  the  only  long-term  source  of  energy  available  now  for  support 
of  man.  Within  the  next  decades  we  can  expect  worldwide  human  demands  on 
the  flux  of  solar  energy  fixed  in  photosynthesis  to  increase  with  a  doubling  time  of 
10  to  20  years,  perhaps  less.  These  demands  include  food,  fuel,  fiber,  and  en- 
vironmental services.  The  demands  extend  not  only  to  plants,  they  extend 
to  the  full  range  of  diversity  of  the  biota.  This  diversity  offers  not  only  stability 
and  predictability  of  function,  but  al.so  a  wide  range  of  resources  to  man. 

The  challenge  for  us  is  to  recognize  the  dependence  of  man  on  the  Earth's 
biota  and  to  bend  our  phenomenal  technology  resources  to  see  that  the  biota  is 
not  only  preserved  but  that  its  support  for  man  is  enhanced  in  the  most  ener- 
getically efficient  ways  con.«:istent  with  long  continued  use.  This  is  not  a  stance 
against  growth ;  it  is  a  challenge  to  redirect  growth  into  new  and  exciting  topics 
consistent  with  the  facts  of  a  20th  century  Earth  headed  for  7  billion  people  in 
about  30  years. 

The  conclusions  seem  obvious  : 

1.  The  Earth's  most  important  resource  is  its  capacity  to  fix  solar  energy 
through  photo.synthesis  and  to  use  it  in  support  of  life.  This  is  the  Earth's  largest 
flux  of  energy ;  its  management  must  now  become  a  major  and  increasing  con- 
cern of  governments. 

2.  ]Man  probably  uses  directly  5-10  percent  of  the  net  primary  production  of 
plants ;  the  worldwide  changes  in  the  quality  of  air  and  water  and  the  reductions 
in  the  Earth's  biota  indicate  that  he  is  using  all  of  the  rest  of  that  energy  in 
secondary  services  and  is  in  effect  now  mining  the  life  of  the  Earth. 

3.  Man's  use  of  nonbiotic  energy  has  reached  about  5  percent  of  the  magnitude 
of  worldwide  net  prodviction  of  plants  and  secondary  effects  of  its  use  at  that 
level  are  having  serious  toxic  effects  on  the  Earth's  biota,  probably  reducing  over- 
all the  fixation  of  solar  energy  and  its  availability  in  support  of  man. 

4.  GroN^-th  in  the  use  of  fossil  fuels  and  other  energy  sources  will  probably  be 
limited  in  the  next  decades  by  the  problems  of  supply  and  distribution,  forcing 
major  changes  in  the  technological  societies  that  will  include  restraint  of  growth 
in  energy-rich  technologies. 

5.  The  inevitable  struggles  for  more  energy  that  are  intensifying  rapidly  now 
should  not  be  allowed  to  destroy  additional  segments  of  the  Earth's  capacity  for 
fixing  solar  energy-  National  and  international  policies  on  energy  development 
and  use  are  needed  now  with  policies  on  population  to  avoid  increasing  conflict 
and  further  degradation  of  biotic  energy  sources. 

6.  The  assumption  that  setting  standards  for  toxins  on  the  basis  of  thresholds 
for  biotic  effects  will  protect  the  Earth's  biota  and  man  is  false.  There  is  no 
way  of  determining  thresholds  for  the  myriad  of  substances  that  can  be  de- 
veloped and  released,  no  way  of  controlling  releases,  no  sure  way  of  monitoring 
for  the  substances,  and  no  basis  for  belief  that  thresholds  for  effects  on  natural 
ecosystems  exist.  The  alternative  is,  as  stated  in  the  Water  Pollution  Control 
Act  of  1972,  preservation  of  the  chemical,  physical,  and  biotic  integrity  of  those 
areas  of  the  Earth  not  directly  manipulated  by  man  for  urban  or  agricultural 
uses. 

7.  The  assumption  that  the  environment  has  an  assimilative  capacity  for  all 
hmnan  insults  is  misleading  and  inconsistent  with  the  imperative  that  the  Earth's 
biota  be  preserved  for  continuous  use  by  man.  An  assimilative  capacity  for  or- 
ganic matter  or  heat  does  not  imply  an  assimilative  capacity  for  mercury,  lead, 
or  other  .substances  that  may  accompany  the  organic  matter.  The  evidence  is 
overwhelming  that  man  has  already  exceeded  the  assimilative  capacity  of  the 
biosphere  for  CO2,  chlorinated  hydrocarbon  pesticides,  PCB's,  dust  and  possibly 
fos.sil  fuel  energy.  Assimilative  capacity  is  a  useful  concept  only  within  those 
areas  of  the  Earth  that  man  determines  that  he  will  manage  intensively. 

S.  Economic  principles  are  an  insufficient  basis  for  management  of  the  bio- 
sphere or  such  large  segments  of  it  as  the  United  States  controls.  Tlie  limits  of 
the  Earth  can  be  accommodated  by  recognization  of  the  fact  that  the  biosphere 
is  a   series  of  interacting  units,  oceans,  forests,  estuaries,  cities,  agricultural 
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units,  each  of  which  has  definable  characteristics  including  interactions  with 
other  units.  Some,  such  as  the  oceans,  cannot  be  managed  intensively ;  others 
such  as  cities  and  agricultural  regions,  must  be.  The  design  and  management  of 
these  units  is  an  essential  topic  for  science  and  government-  It  is  encouraging 
that  our  laws  are  now  beginning  to  reflect  in  their  objectives  some  of  the  realities 
of  the  biosphere. 

9.  The  pattern  of  change  necessary  in  the  design  of  human  activities  is  clear. 
The  further  diffusion  of  toxic  influences  around  the  globe  must  be  checked.  A 
certain  amount  of  retrenchment  and  repair  is  necessary  to  assure  the  stability 
of  biotic  resources.  Cities  cannot  be  allowed  to  dispose  of  wastes  in  the  oceans ; 
fresh  water  supplies,  nutrient  elements,  and  mineral  resources  are  to  be  con- 
served and  recycled ;  estuaries  and  coastal  waters  cannot  be  used  for  cooling 
power  plants  or  usurped  for  other  industrial  uses :  they  are  essential  to  main- 
tenance of  the  oceanic  biota,  including  especially  the  fisheries. 

10.  These  changes  in  perspective  and  function  of  government  can  come  only 
with  a  major  change  in  objectives,  away  from  the  attractive,  even  beguiling,  con- 
cept that  economic  growth  will  solve  all  problems  and  toward  a  recognition  that 
the  Earth's  basic  resources  of  life  and  energy  are  finite.  The  transition  requires 
major  support  from  science,  from  the  educational  establishment,  and  from  legis- 
lative bodies.  Private  enterprise  cannot  be  exi^ected  to  make  these  innovations. 
Government  must  lead  by  providing  the  domestic  climate  and  resources  for  the 
massive  research  and  educational  needs  that  such  a  transition  requires.  We 
should  at  the  moment  be  building  at  least  two  national  laboratories,  one  in  the 
East  and  one  in  the  West  to  address  directly  the  questions  of  how  to  reconcile  the 
needs  of  20th-century  man  with  the  facts  of  a  living  but  finite  Earth.  Instead  we 
are  watching  the  dismantling  of  science.  We  would  be  terrified,  if  we  were 
thoughtful. 

11.  The  inevitable  restriction  of  growth  in  energy-dense  activities  does  not  re- 
strict growth  in  all  segments  of  society.  On  the  contrary  the  problems  present  an 
intellectual  challenge  unprecedented  in  history.  We  have  now  a  great  new  free- 
dom to  examine  in  detail  the  enduring  question  of  what  man's  most  rewarding 
circumstances  might  be.  On  these  topics  growth  has  barely  begun. 
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Table  1. — World  average  rates  of  increase  for  the  period  1951-66  for  selected 

aspects  of  human  activity  related  to  food  production  (SCEP  1970). 

Percentage 
increase 

Food 34 

Tractors   ^ 

Phosphates "^^ 

Nitrates    l46 

Pesticides    ^^ 


I 
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TABLE  2.— WORLD  ENERGY  CONSUMPTION  IN  1967  (ADAPTED  FROM  SCEP  1970,  P.  294) 

[10i2kWh(t)) 


Coal 

Petroleum 

Gas 

Water  1 

Nuclear 

Overall 

Developed  countries: 

United  States 

3.52 

.18 

3.67 

2.42 

3.27 

.61 

.26 

6.33 

.63 
4.42 

.37 
2.23 
1.11 

.24  ... 

5.58 
.38 
.33 
.26 

1.66 
.02 

0.22 
.13  .. 
.32 
.01  .. 
.09 
.07  .. 
.02  .. 

0.03 
."09" 

15  68 

Canada 

Western  Europe 

1.32 
8  83 

Eastern  Europe 

3  06 

U.S.S.R 

7  45 

Japan 

Oceania 

1.81 
52 

Japan) 

Total 

14.13 

15.33 

8.32 

.86 

3.12 

38.67 

Developing  countries: 

Communist  Asia 

Other  Asia  (excluding 
Africa 

1.97 
.76 
.43 
.10 

.13  ... 
.85 
.29 
1.14 

""o'.'n 

.02 
.33 

.04  .. 
.03  .. 
.02  .. 
.06  .. 

2.14 

1.76 

76 

Other  America 

1  63 

Total... 

3.26 

2.41 

.47 

.15  .. 

6.29 

World  total 

17.39 

17.74 

8.70 

1.01 

2  0.12 

44  96 

'  Hydroelectricity  is  converted  from  kWh(e)  production  figures  in  table  13  of  United  Nations,  World  Energy  Supplies, 
as  follows: 


kWh(t) 


t 3,412  Btu    kWh(t)  "I 
kWh(e)  3,412  Btu  J 


kWh(e)=[l]kWh(e) 


-  Not  available. 

3  Nuclear  totals  exclude  U.S.S.R.  for  which  separate  data  are  not  available. 

Note:  U.N.  figures  are  in  million  metric  tons  of  coal  equivalent  The  energy  contained  within  1,000  generated  kWh(e) 
of  electricity  is  equated  by  the  U.N.  to  0.125  metric  ton  coal  equivalent.  Since  the  energy  content  of  1  kWh(e)=the  theo- 
retical 3,412  Btu,  therefore,  3,412xl0«  Btu=0.125  m.t.c.e.=27.3Xl06  Btu. 

TABLE  3.— NET  PRIMARY  PRODUCTION  OF  THE  EARTH.  NET  PRODUCTION  IS  THE  AMOUNT  OF  ENERGY  OR  ORGANIC 
MATTER  AVAILABLE  FROM  PLANTS  TO  SUPPORT  ANIMALS  (INCLUDING  MAN)   AND  ORGANISMS    OF    DECAY 


109T  C/yr 


10i2kWh/yr 


Continental: 

Tropical  ra  nforest.. 

Tropical  seasonal  forest 

Temperate  evergreen  forest 
Temperate  deciduous  forest 

Boreal  forest 

Woodlands  and  shrublands. 

Savanna. 

Temperate  grasslands 

Tundra 

Deserts  scrub 

Rock,  ice  and  sand 

Cultivated  land. 

Swamp  and  marsh 

Lake  and  stream 

Total 

Marine: 

Open  ocean 

U  pwelll  ng 

Continental  shelf... 

Algal  beds 

Estuaries 

Total 

World  total 


15.3 

162.0 

5.1 

55.0 

2.9 

36.0 

3.8 

45.0 

4.3 

53.0 

2.2 

27.0 

4.7 

49.0 

2.0 

21.0 

.5 

5.8 

.6 

7.0 

.04 

.3 

4.1 

43.0 

2.2 

23.0 

.6 

7.0 

48.3 

534.0 

18.9 

237.0 

.1 

1.2 

4.3 

50.0 

.5 

5.8 

1.1 

12.8 

24.9 

307.0 

73.2 


841.0 


Source:  Adapted  from  Whittaker  and  Likens  1973. 
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TABLE  4.-THE  FLUX  AND  AVERAGE  DENSITY  OF  ENERGY  WORDLWIDE 


Wordlwide 

flux  Density 

Source  of  energy  kWh/yr  kWh/mVyr 

Solar  energy:  Top  of  atmosphere 156  X  10i«  3.05  X  lO' 

Net  production  of  plants: 

World _ 841  X  IO12  1.4 

Temperature  forests  and  agriculture 10-21 

Nonbiotic  energy: 

World  (1967)2. _ _ 44.9  X  IO12  1  0.880 

3  0.301 

United  States  (1967) 2 15.6  X  IO12  1.67 

Manhattan. *  ~2A  X  lO^ 

Kings  (Brooklyn) _ ■•~1.36  X  10^ 

1  Worldwide. 

2  Man's  Impact  on  the  Global  Environment  (SCEP),  MIT  Press,  1970,  p.  294. 

3  Land  only. 

*  Estimated  on  basis  of  per  capita  use  of  energy  in  United  States. 
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[Presented  at  Yale  University  School  of  Forestry  and  F^nvironmental  Studies,  October  1972] 

A  Model  for  a  Steady-State  Econoiny 
Herman  E.  Daly* 

"More  and  more  people  are  coming  to  realize  that  the  growth  of  material 
wealth,  which  the  British  industrial  revolution  set  going,  and  which  the 
modern  British-made  ideology  has  presented  as  being  mankind's  proper 
paramount  objective,  cannot  in  truth  be  'the  wave  of  the  future.'   Nature 
is  going  to  compel  posterity  to  revert  to  a  stable  state  on  the  material 
plane  and  to  turn  to  the  realm  of  the  spirit  for  satisfying  man's  hunger 
for  infinity." 

--Arnold  Toynbee,  The  Observer  June  11,  1972 

I.   Introduction 

This  statement  by  Toynbee  indicates  two  propositions  of  massive  importance: 
(1)  our  economy  must,  sooner  or  later,  conform  to  a  steady  state  in  its  physical 
dimensions  of  population  and  stock  of  artifacts--i.e.  in  its  stocks  of  endosomatic 
and  exosomatlc  capital;  (2)  our  pursuit  of  the  infinite  must  take  place  in  the 
realm  of  the  infinite  which  is  spiritual,  not  material.   The  main  purpose  of  this 
article  is  to  develop  the  first  proposition  and  to  suggest  a  "prescriptive  model" 
for  institutionalizing  the  steady  state.   But  the  second  proposition  is  closely 
related  to  the  first  and  this  relationship  requires  some  preliminary  discussion, 

Man's  physical  existence  is  everywhere  subject  to  the  laws  of  steady-state 
open  systems.   The  entire  ecosystem  of  which  man  is  a  part  is  a  steady-state  open 
system,  the  living  organism  itself  over  any  short  run  period  is  a  steady- state 
open  system,  as  is  a  population  of  organisms  when  in  ecological  equilibrium.   Of 
course  the  qualitative  nature  of  the  steady  state  evolves  over  the  long  run--organisms 


♦Department  of  Economics,  Louisiana  State  University,  Baton  Rouge,  La.  70803 

A  fuller  treatment  of  some  of  the  ideas  here  discussed  will  be  found  in  Herman 
E.  Daly,  editor.  Toward  a  Steady-State  Economy,  W.  H.  Freeman  Co.,  San  Francisco, 
1973. 
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grow  old,  populations  evolve,  and  entire  ecosystems  undergo  succession.   Likewise 
a  steady-state  economy  would  evolve  qualitatively  in  response  to  technological 
and  moral  mutations.   As  a  result  of  such  qualitative  evolution  it  may  become 
both  possible  and  desirable  to  change  the  quantitative  dimensions  of  the  steady 
state--to  move  to  a  different  level  of  stocks.   But  quantitative  growth  (or  decline) 
would  then  be  a  temporary,  self-conscious,  adjustment  process  of  moving  from  one 
steady  state  to  another.   Continuous,  automatic,  quantitative  growth,  far  from 
being  the  norm  of  a  healthy  economy,  is  ruled  out.   This  contrasts  vividly  with 
the  prevailing  economy  of  high  mass  consumption,  characterized  by  W,  W.  Rostow  in 
the  following  words:   "Growth  becomes  its  normal  condition.   Compound  interest 
becomes  built,  as  it  were,  into  its  habits  and  institutional  structure."*  But 
the  solution  has  become  the  problem.   Our  habits  and  institutions  must  be  weaned 
away  from  their  addiction  to  compound  interest. 

To  attempt  to  redesign  the  world  so  as  to  allow  for  unlimited  physical  growth 
is  sheer  hubris.   Yet  man's  craving  for  the  infinite  has  been  corrupted  by  the 
temptation  to  satisfy  this  hunger  in  the  material  realm.   Turn  these  stones  into 
bread,  says  Satan,  and  modern  man  sets  to  it,  even  to  the  literal  extent  of 
devising  energy- Intensive  schemes  to  grind  up  ordinary  rock  for  minerals.   But 
Jesus' s  answer  to  the  same  temptation  was  that  man  does  not  live  by  bread  alone. 
The  object  of  economic  activity  is  to  have  enough  bread,  not  infinite  bread,  not 
a  world  turned  into  bread,  not  even  vast  storehouses  full  of  bread.   The  infinite 
hunger  of  man,  his  moral  and  spiritual  hunger,  is  not  to  be  satisfied,  is  indeed 
exacerbated,  by  the  current  demonic  madness  of  producing  more  and  more  things  for 
more  and  more  people,  world  without  end.  Modern  man  has  an  infinite  itch,  but  he 


*The  Stages  of  Economic  Growth ,  Cambridge,  England,  Cambridge  University 
Press,  1960,  p.  7. 
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is  scratching  in  the  wrong  place,  and  his  frenetic  material  clawing  is  drawing 
blood  from  the  life-sustaining  circulatory  systems  of  the  biosphere. 

It  is  necessary  to  be  clear  on  the  paramount  importance  of  the  moral  issue 
contained  in  the  second  proposition.   We  could  opt  to  destroy  the  spaceship  in  a 
scratching  orgy  of  procreation  and  consumption.   The  only  arguments  against  doing 
this  are  religious  and  ethical:   the  obligation  of  stewardship  for  God's  creation, 
the  extention  of  brotherhood  to  future  generations,  and  of  some  appropriate  degree 
of  brotherhood  to  sub-human  life.   Furthermore,  although  moral  and  social  limits 
to  growth  are  less  recognizable  than  biophysical  limits,  they  are  likely  to  be 
much  more  severe.   For  example,  the  social  problem  of  safeguarding  plutonium  from 
immoral  uses  and  consequences  is  a  more  stringent  limit  to  breeder  reactor  usage 
than  is  the  physical  constraint  of  thermal  pollution.   The  apparent  willingness  of 
many  to  push  the  commercialization  of  a  technology  so  dangerous  that  in  Nobel 
Laureate  Hannes  Alfven's  words,  "no  acts  of  God  can  be  permitted,"  and  that  is  not 
even  insurable  by  market  criteria,  is  an  Impressive  index  of  the  strength  of  the 
growth  idolatry.   It  is  simply  not  true  that  there  is  no  alternative  for  confronting 
the  "energy  shortage".   It  is  true,  however,  that  the  obvious  alternatives  of  solar 
energy,  improved  use  of  coal,  and  perhaps  fusion,  would  probably  require  higher 
energy  prices  and  a  period  of  stable  consumption.   Stockholders  would  no  longer 
enjoy  a  growth  boom.   Is  that  so  terrible  that  it  must  be  avoided  at  the  cost  of 
a  Faustian  bargain  with  the  god  of  the  subterranean  world  of  the  dead,  and  his 
namesake,  Plutonium?   To  describe  a  Plutonium  Plutocracy  would  strain  the  horrorific 
vision  of  a  Dante!   Yet  "see  no  evil"  continues  to  be  the  official  attitude  and  we 
hear  soothing  doubletalk  about  "non-credible  accidents"  and  "implausible"  acts  of 
sabotage  at  the  same  time  we  are  told  that  the  Price-Anderson  Act  (limiting 


95-852  O  -  73  -  29 


438 


accident  liability)  is  necessary  because  fission  power  is  too  risky  for  private 

enterprise ! 

It  will  be  objected  that  many  people  today  do  not  yet  have  enough  bread. 

Surely  brotherhood  requires  more  growth,  including  crash  development  of  atomic 

power.   But  past  growth  in  aggregate  bread  has  done  little  for  these  people,  since 

distribution  has  remained  very  unequal,  and  since  population  has  grown  rapidly, 

especially  the  poorer  populations  of  the  world.   Distribution  is  a  moral  problem, 

as  is  population  control,  and  we  lack  the  moral  resources  to  solve  these  problems 

because  our  limited  energies  have  been  overwhelmingly  devoted  to  material  growth, 

while  morality  has  been  relegated  to  the  status  of  pre-scientif ic  superstition. 

And  not  just  in  the  United  States.   Witness  the  Soviet's  negative  response  to 

Alexander  Solzhenitsyn' s  advocacy  of  "ethical  socialism"  or  "ethics  first, 

economics  afterward."  The  following  passage  from  his  Cancer  Ward  tells  the  story 

of  both  the  USA  and  USSR. 

"When  we  have  enough  loaves  of  white  bread  to  crush  them  under  our 
heels,  when  we  have  enough  milk  to  choke  us,  we  still  won't  be  in  the 
least  happy.   But  if  we  share  the  things  we  don't  have  enough  of,  we  can 
be  happy  today!   If  we  care  only  about  'happiness'  and  about  reproducing 
our  species,  we  shall  merely  crowd  the  earth  senselessly  and  create  a 
terrifying  society.  .  ." 

The  Biblical  admonition,  "Seek  ye  first  the  kingdom  of  God  and  his  righteous- 
ness, and  all  these  things  will  be  added  unto  you,"  has  been  inverted--"add  unto 
yourselves  more  of  all  these  things,  and  righteousness  can  go  seek  itself."  The 
sins  of  present  injustice  will  be  washed  away  in  a  sea  of  future  abundance  that 
is  revealed  to  us  by  the  amazing  grace  of  compound  interest.   We  thought  we  could 
grow  our  way  out  of  poverty  and  injustice,  but  we  were  wrong.   There  is  just  not 
room  for  that  much  growth,  even  on  the  doubtful  assumption  that  growth  tends  to 
lessen  poverty.   We  have  chased  the  infinite  in  the  limited  material  realm,  and 
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)  have  accepted  shamefully  modest  limits  in  the  infinite  moral  realm.   Our  present 
economic  institutions  are  designed  in  harmony  with  this  double  mistake.   To 
reverse  the  double  mistake,  to  achieve  a  political  economy  of  biophysical  equili- 
brium and  moral  growth,  or  for  short  a  steady-state  economy,  will  require  radical 
institutional  changes  as  well  as  a  paradigm  shift  in  economic  theory. 

The  current  economic  paradigm  begins  with  non-physical  parameters  (technology, 
preferences,  and  distribution  of  wealth  and  income  are  all  taken  as  "givens"),  and 
then  Inquires  how  the  physical  variables  of  quantities  produced  and  resources  used 
must  be  adjusted  to  fit  an  equilibrium  (or  an  "equilibrium  rate  of  growth") 
determined  by  these  non-physical  parameters.   The  non-physical  conditions  are 
considered  to  be  autonomous,  while  the  physical  conditions  are  accommodating.   The 
new  paradigm,  however,  must  begin  with  physical  parameters  (a  finite  world,  a 
complex  ecosystem,  the  laws  of  thermodynamics)  and  inquire  how  the  non-physical 
variables  of  technology,  distribution,  and  life  styles  can  be  brought  into  a 
feasible  and  just  equilibrium  with  the  complex  biophysical  system  of  which  we  are 
a  part.   The  physical  conditions  become  autonomous  and  the  non-physical  patterns 
of  economic  life  assume  the  accommodating  role. 

II.   Three  Institutions  for  a  Steady-State  Economy 
The  guiding  design  principle  for  the  three  institutions  is  to  provide  the 
necessary  social  control  With  a  minimum  sacrifice  of  personal  freedom,  to  provide 
macro-stability  while  allowing  for  micro-variability,  to  combine  the  macro-static 
with  the  micro-dynamic.   To  do  otherwise,  to  aim  for  micro- stability  and  control 
is  likely  to  be  self-defeating  and  result  in  macro- instability  as  the  capacities 
for  spontaneous  coordination,  adjustment,  and  mutation  (which  always  occur  on  the 
micro  level)  are  stifled  by  central  planning  with  its  inevitable  rigidities  and 
information  losses.   The  micro  is  the  domain  of  indeterminacy,  novelty,  and  freedom. 
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The  macro  or  aggregate  is  the  domain  of  determinacy,  predictability,  and  control. 
We  should  strive  for  macro  control  and  avoid  micro  meddling.   A  second  design 
principle,  closely  related  to  the  first,  is  to  maintain  considerable  slack 
between  the  actual  environmental  load  and  the  maximum  carrying  capacity.   The 
closer  the  actual  approaches  the  maximum  the  less  is  the  margin  for  error,  and 
the  more  rigorous,  finely-tuned,  and  micro-oriented  our  controls  will  have  to  be. 
We  lack  the  knowledge  and  ability  to  assume  detailed  control  of  the  spaceship,  so 
therefore  we  must  leave  it  on  "automatic  pilot,"  as  it  has  been  for  eons.   But 
the  automatic  pilot  only  works  when  the  actual  load  is  small  relative  to  the 
conceivable  maximum.*  A  third  design  principle,  important  for  making  the  transition, 
is  to  build  in  the  ability  to  tighten  constraints  gradually. 

The  kinds  of  Institutions  required  follow  directly  from  the  definition  of  a 
steady-state  economy:   constant  stocks  of  people  and  physical  wealth  maintained 
at  some  desirable  chosen  level  by  a  low  rate  of  throughput.   We  need:   (1)  an 
institution  for  stabilizing  population  (the  Boulding  marketable  license  plan); 
(2)  an  institution  for  stabilizing  wealth  and  keeping  throughput  below  ecological 
limits  (marketable  depletion  quotas  auctioned  by  the  government);  (3)  a  distributist 
institution  limiting  the  degree  of  inequality  in  the  distribution  of  the  constant 
stocks  among  the  constant  population  (maximum  and  minimum  limits  to  personal 
wealth  and  income). 

Let  us  outline  briefly  how  each  institution  might  function,  and  how  they 
interrelate. 

A.   Distributist  Institution.   The  critical  institution  is  likely  to  be  the 
minimum  and  maximum  limits  on  wealth  and  income.   Without  this,  private  property 


*To  the  optiinistic  micro  meddlers  who  do  not  believe  in  "automatic  pilots"  or 
"invisible  hands"  and  thus  want  to  assume  detailed  control  of  spaceship  and  crew,  I 
can  only  quote  Elisa  Dolittle's  reply  to  Mr.  'iggins,  "without  your  pulling  it  the 
tide  comes  in,  without  your  twirling  it  the  earth  will  spin,  without  your  pushing 
them  the  clouds  roll  by,  and  if  they  can  do  it  without  you,  ducky,  so  can  I!" 
Skeptics  who  totally  deny  the  "invisible  hand"  should  read  Eastern  European  economists' 
discussions  of  overcentralization  and  the  resulting  waste  of  resources. 
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and  the  whole  market  economy  lose  their  moral  basis,  and  there  would  be  no  strong 
case  for  extending  the  market  to  cover  birth  quotas  and  depletion  quotas  as  a 
means  of  institutionalizing  environmental  limits.   Exchange  relations  are  mutually 
beneficial  among  relative  equals.  Exchange  between  the  powerful  and  the  powerless 
is  often  only  nominally  voluntary  and  can  easily  be  a  mask  for  exploitation, 
especially  in  the  labor  market,  as  Marx  has  shown. 

There  is  considerable  political  support  for  a  minimum  income  financed  by  a 
negative  Income  tax,  as  an  alternative  to  bureaucratic  welfare  programs.   There 
is  no  such  support  for  a  maximum  income  or  for  either  maximum  or  minimum  wealth 
limits.   In  the  growth  paradigm  there  need  be  no  upper  limit.   But  in  the  steady- 
state  paradigm  there  is  an  upper  limit  to  the  total,  and  the  higher  the  minimum 
per  capita  share,  the  lower  must  be  the  maximum  per  capita  share.   A  minimum 
wealth  limit  may  not  be  feasible,  since  one  can  always  spend  his  wealth,  and 
could  hardly  expect  to  have  it  restored  year  after  year.   The  minimum  income  would 
be  sufficient.   But  maximum  limits  on  wealth  and  income  are  both  necessary,  since 
wealth  and  income  are  largely  interchangeable,  and  since  beyond  some  point  the 
concentration  of  wealth  becomes  inconsistent  with  both  a  market  economy  and  political 
democracy.   John  Stuart  Mill  put  the  issue  very  well: 

"Private  property,  in  every  defense  made  of  it,  is  supposed  to  mean  the 
guarantee  to  individuals  of  the  fruits  of  their  own  labor  and  abstinence. 
The  guarantee  to  them  of  the  fruits  of  the  labor  and  abstinence  of  others, 
transmitted  to  them  without  any  merit  or  exertion  of  their  own,  is  not  of 
the  essence  of  the  institution,  but  a  mere  incidental  consequence  which, 
when  it  reaches  a  certain  height,  does  not  promote,  but  conflicts  with,  the 
ends  which  render  private  property  legitimate."   (Principles  of  Political 
Economy,  Book  II,  Chapter  I,  "Of  Property") 

According  to  Mill  private  property  is  legitimated  as  a  bastion  against  ex- 
ploitation.  But  this  is  true  only  if  everyone  owns  some  minimum  amount.   Otherwise 
private  property,  when  some  own  a  great  deal  of  it  and  others  have  very  little, 
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becomes  the  very  Instruinent  of  exploitation,  rather  than  a  guarantee  against  it. 
It  is  implicit  in  this  view  that  private  property  is  legitimate  only  if  there  is 
some  distributist  institution  (like,  for  example,  the  Jubilee  year  of  the  Old 
Testament)  which  keeps  Inequality  of  wealth  within  some  justifiable  limits.   Such 
an  institution  is  now  lacking.   The  proposed  institution  of  maximum  wealth  and 
income,  plus  minimum  income  limits  would  remedy  this  severe  defect  and  make  private 
property  legitimate  again.   Also  it  would  go  a  long  way  toward  legitimating  the 
free  market,  since  most  of  our  blundering  interference  with  the  price  system  (e.g. 
farm  program,  minimum  wage,  rent  controls)  has  as  its  goal  an  equalizing  alteration 
in  the  distribution  of  income  and  wealth.   Thus  such  a  distributist  policy  is  based 
on  impeccably  respectable  premises:   private  property,  the  free  market,  opposition 
to  welfare  bureaucracies  and  centralized  control.   It  also  heeds  the  radicals'  call 
of  "power  to  the  people"  since  it  puts  the  source  of  power,  namely  property,  in  the 
hands  of  the  many  people,  rather  than  in  the  hands  of  the  few  capitalist  plutocrats 
and  socialist  bureaucrats. 

Maximum  income  and  wealth  would  remove  many  of  the  incentives  to  monopolistic 
practices.   Why  conspire  to  corner  markets,  fix  prices,  etc,  if  you  cannot  keep 
the  loot?  As  for  labor,  the  minimum  income  would  enable  the  outlawing  of  strikes, 
which  are  rapidly  becoming  intolerable.   Unions  would  not  be  needed  as  a  means  of 
confronting  the  power  of  concentrated  wealth,  since  wealth  would  no  longer  be 
concentrated.   Indeed,  the  workers  would  have  a  share  of  it  and  thus  would  not 
be  at  the  mercy  of  an  employer.   In  addition,  some  limit  on  corporate  size  would 
be  needed,  or  else  a  requirement  that  all  corporate  profits  be  distributed  as 
dividends  to  stockholders. 

With  no  large  concentrations  in  wealth  and  income,  savings  would  be  smaller 
and  would  truly  represent  abstinence  from  consumption  rather  than  surplus  remaining 
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after  satiation.  There  would  be  less  expansionary  pressure  from  large  amounts  of 

capital  seeking  ever  new  ways  to  grow  exponentially. 

The  minimum  income  could  be  financed  out  of  general  revenues,  which,  in 

addition  to  a  progressive  income  tax  within  the  income  limits,  would  also  include 

revenues  from  the  depletion  quota  auction,  and  lOOZ  marginal  tax  rates  on  wealth 

and  income  above  the  limits.   Upon  reaching  the  maximum  most  people  would  devote 

their  further  energies  to  non-economic  pursuits,  so  the  latter  revenues  would  be 

small.   But  the  opportunities  thus  forgone  by  the  wealthy  are  available  to  the 

not-so  wealthy,  who  will  still  be  paying  taxes  on  their  increased  earnings.   The 

effect  on  incentive  will  be  negative  at  the  top,  but  positive  at  lower  levels 

leading  to  a  broader  participation  in  running  the  economy.   There  may  also  be  an 

increase  in  public  service.   As  Jonathan  Swift  argued: 

"In  all  well-instituted  commonwealths,  care  has  been  taken  to  limit  men's 
possessions;  which  is  done  for  many  reasons,  and,  among  the  rest,  for  one 
which,  perhaps,  is  not  often  considered;  that  when  bounds  are  set  to  men's 
desires,  after  they  have  acquired  as  much  as  the  laws  will  permit  them, 
their  private  interest  is  at  an  end,  and  they  have  nothing  to  do  but  to 
take  care  of  the  public."   ("Thoughts  on  Various  Subjects,"  in  The  Literature 
of  England,  G.  B.  Woods  et.  al.,  eds.  ,  Scott,  Foreman  and  Co.  1958,  p.  1003) 

B.   Marketable  Licenses  to  have  children.   For  maintaining  a  constant  population 
an  ingenious  institution  has  been  proposed  by  Kenneth  Boulding.   Unfortunately  it 
has  been  treated  more  as  a  joke  than  as  a  serious  proposal.   The  idea  is  to  issue 
directly  to  individuals  licenses  to  have  children.   Each  person  receives  certificates 
in  an  amount  permitting  1.1  children,  or  each  couple  at  marriage  receives  certifi- 
cates permitting  2.2  children,  or  whatever  number  corresponds  to  replacement 
fertility.   The  licenses  can  be  bought  and  sold  on  a  free  market.   Thus  macro- 
stability  is  attained,  micro-variability  is  permitted.   Furthermore  those  having 
more  than  two  children  must  pay  for  an  extra  license,  those  who  have  fewer  than  two 
children,  receive  payment  for  their  unused  license  certificates.  The  right  to  have 
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children  is  distributed  equally.  Market  supply  and  demand  then  redistribute  these 
rights  according  to  differing  preferences  and  abilities  to  pay.   People  who  do  not 
or  can  not  have  children  are  rewarded  financially.   Poeple  who  wish  to  have  more 
than  two  are  penalized  financially.   And  the  subsidies  and  penalities  are  handled 
by  the  market  with  no  government  bureaucracy. 

A  slight  amendment  to  the  plan  might  be  to  grant  1.0  certificates  to  each 
individual  and  have  these  refer  not  to  births  but  to  "survivals".   If  someone 
dies  before  he  has  a  child  then  his  certificate  becomes  a  part  of  his  estate  and 
is  willed  to  someone  else,  e.g.  his  parents,  who  either  use  it  to  have  another 
child,  or  sell  it  to  someone  else.   The  advantage  of  this  modification  is  that  it 
offsets  existing  class  differentials  in  infant  and  child  mortality.   Without  the 
modification  a  poor  family  desiring  two  children  could  end  up  with  two  infant 
deaths  and  no  certificates.   The  best  plan  of  course  is  to  eliminate  class  differences 
in  mortality,  but  in  the  meantime  this  modification  may  make  the  plan  initially 
easier  to  accept.   Indeed,  even  in  the  absence  of  class  differentials  the  modifi- 
cation has  the  advantage  of  building  in  a  "guarantee". 

Let  us  dispose  of  two  common  objections  to  the  plan.   First  it  is  argued  that 
it  is  unjust  because  the  rich  have  an  advantage.   Of  course  the  rich  always  have 
an  advantage,  but  is  their  advantage  increased  or  decreased  in  Boulding's  plan? 
Clearly  it  is  decreased.   The  effect  of  the  plan  on  income  distribution  is  equalizing 
because  (1)  the  new  marketable  asset  is  distributed  equally,  (2)  as  the  rich  have 
more  children  their  family  per  capita  incomes  are  lowered,  as  the  poor  have  fewer 
their  family  per  capita  incomes  increase.   Also  from  the  point  of  view  of  the 
children  there  is  something  to  be  said  for  increasing  the  probability  that  they 
will  be  born  richer  rather  than  poorer.   Whatever  injustice  there  is  in  the  plan 
stems  from  the  existence  of  rich  and  poor,  not  from  Boulding's  plan  which  actually 
reduces  the  degree  of  injustice.   Furthermore,  income  and  wealth  distribution  are 
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to  be  controlled  by  a  separate  institution,  discussed  above,  so  that  in  the  overall 
system  this  objection  is  more  fully  and  directly  met. 

A  more  reasonable  objection  raises  the  problem  of  enforcement.   What  to  do 
with  law-breaking  parents  and  their  illegal  children?  What  do  we  do  will  illegal 
children  today?  One  possibility  is  to  put  the  children  up  for  adoption  and 
encourage  adoption  by  paying  the  adopting  parents  the  market  value,  plus  subsidy 
if  need  be,  for  their  license,  thus  retiring  a  license  from  circulation  to 
compensate  for  the  child  born  without  a  license.   Like  any  other  law  breakers  the 
offending  parents  are  subject  to  punishment.   The  punishment  need  not  be  drastic-- 
e.g.  a  year's  paid  labor  in  a  public  child  care  center.   Of  course  if  everyone 
breaks  a  law  no  law  can  be  enforced.   The  plan  presupposes  the  acceptance  by  a 
large  segment  of  the  public  of  the  morality  and  necessity  of  the  law.   It  also 
presupposes  widespread  knowledge  of  contraceptive  practices,  and  legalized  abortion. 
But  these  presupposititions  would  apply  to  any  institution  of  population  control, 
except  the  most  coercive. 

Choice  may  be  influenced  in  two  ways:   by  acting  on  or  "rigging"  the  objective 
conditions  of  choice  (prices  and  incomes  in  a  broad  sense),  or  by  manipulating  the 
subjective  conditions  of  choice  (preferences).   Boulding's  plan  imposes  straight- 
forward objective  constraints  and  does  not  presumptuously  attempt  to  manipulate 
peoples'  preferences.   Preference  changes  due  to  individual  example  and  moral 
conversion  are  in  no  way  ruled  out.   If  preferences  should  change  so  that,  on  the 
average,  the  population  desired  replacement  fertility,  the  price  of  a  certificate 
would  approach  zero  and  the  objective  constraint  would  automatically  vanish.   The 
current  decline  in  the  birth  rate  has  perhaps  already  led  to  such  a  state. 
(Conceivably  the  birth  rate  could  fall  too  low,  in  which  case  the  certificate 
price  would  become  negative  and  the  whole  institution  would  work  in  reverse!)   The 
moral  basis  of  the  plan  is  that  everyone  is  treated  equally,  yet  there  is  no 
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insistence  upon  conformity  of  preferences,  the  latter  being  the  great  drawback  of 
"voluntary"  plans  which  rely  on  official  moral  suasion  and  Madison  Avenue  techniques. 
Some  people,  God  bless  them,  will  never  be  persuaded,  and  their  individual  non- 
conformity wrecks  the  moral  basis  (equal  treatment)  of  "voluntary"  programs. 

There  is  an  understandable  reluctance  to  couple  money  and  reproduction-- 
somehow  it  seems  to  profane  life.   Yet  life  is  physically  coupled  to  increasingly 
scarce  resources,  and  resources  are  coupled  to  money.   If  population  growth  and 
economic  growth  continue,  then  even  free  resources  such  as  breathable  air  will 
either  become  coupled  to  money  and  subject  to  price,  or  allocated  by  a  harsher 
and  less  efficient  means.   Once  we  accept  the  fact  that  the  price  system  is  the 
most  efficient  mechanism  for  sharing  and  rationing  the  right  to  scarce  life- 
sustaining  and  life-enhancing  resources,  then  perhaps  rather  than  "money  profaning 
life"  we  will  find  that  "life  sanctifies  money".   It  is  not  the  exchange  relationship 
that  debases  life,  it  is  the  underlying  inequality  in  wealth  and  income  beyond  any 
functional  or  ethical  justification,  that  loads  the  terms  of  free  exchange  against 
the  poor.   The  same  inequality  also  debases  the  "gift  relationship"  since  it  reduces 
the  poor  to  the  status  of  a  perpetual  dependent,  and  the  rich  to  the  status  of  a 
weary  and  grumbling  patron.   Thus  gift  as  well  as  exchange  relationships  require 
limits  to  the  degree  of  inequality  if  they  are  not  to  subvert  their  legitimate 
ends. 

C.   Depletion  Quotas.   The  strategic  point  at  which  to  impose  control  seems 
to  me  to  be  the  rate  of  depletion  of  material  resources,  particularly  non-renewable 
resources.   If  we  limit  aggregate  depletion,  then  by  the  law  of  conservation  of 
matter  and  energy,  we  will  also  indirectly  limit  aggregate  pollution.   Entropy  is 
at  its  minimum  at  the  input  (depletion)  end  of  the  throughput  pipeline,  and  at  its 
maximum  at  the  output  (pollution)  end.   Therefore  it  is  physically  easier  to 
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monitor  and  control  depletion  than  pollution--there  are  fewer  mines,  wells,  and 
ports  than  there  are  smokestacks,  garbage  dumps,  and  drainpipes,  not  to  mention 
such  diffuse  emission  sources  as  run-off  of  insecticides  and  fertilizers  from 
fields  into  rivers  and  lakes,  and  auto  exhausts.   Given  that  there  is  more  leverage 
in  intervening  at  the  input  end,  should  we  intervene  by  way  of  taxes  or  quotas? 
Quotas,  if  they  are  auctioned  by  the  government  rather  than  allocated  on  non-market 
criteria,  have  an  important  net  advantage  over  taxes  in  that  they  definitely  limit 
aggregate  throughput,  which  is  the  quantity  to  be  controlled.   Taxes  exert  only 
an  indirect  and  very  uncertain  limit.   It  is  quite  true  that  given  a  demand  curve, 
a  price  plus  a  tax  determines  a  quantity.   But  demand  curves  shift  and  are  subject 
to  great  errors  in  estimation,  even  if  stable.   Demand  curves  for  resources  could 
shift  up  as  a  result  of  population  increase,  change  in  tastes,  increase  in  income, 
etc.   Every  time  we  increase  a  price  (internalize  an  externality)  we  also  increase 
an  income,  so  that  in  the  aggregate  the  economy  can  still  purchase  exactly  as  much 
as  before.   The  government  taxes  throughput  and  then  spends  the  tax.   On  what?   On 
throughput.   If  government  expenditures  on  each  category  of  throughput  were  equal 
to  the  revenues  received  from  taxing  that  same  category,  then  the  limit  on  through- 
put would  be  largely  cancelled  out.   If  the  government  taxes  resource-intensive 
items  and  spends  on  time-intensive  items  there  will  be  a  one-shot  reduction  in 
aggregate  physical  throughput,  but  not  a  limit  to  its  future  growth.   A  credit 
expansion  by  the  banking  sector,  an  increase  in  velocity  of  circulation  of  money, 
or  deficit  spending  by  the  government  for  other  purposes  could  easily  offset  even 
the  short-run  reduction  induced  by  taxes.   Taxes  can  influence  the  amount  of 
depletion  and  pollution  (throughput)  per  unit  of  GNP,  but  taxes  provide  no  limit 
to  the  increase  in  the  number  of  units  of  GNP,  and  thus  no  limit  to  aggregate 
throughput.  The  fact  that  a  tax  levied  on  a  single  resource  could  usually  reduce 
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the  throughput  of  that  resource  very  substantially,  should  not  mislead  us  into 
thinking  that  a  general  tax  on  all  resources  will  reduce  aggregate  throughput 
(fallacy  of  composition).   It  is  quantity  that  affects  the  ecosystem,  not  price, 
and  therefore  it  is  ecologically  safer  to  let  errors  and  unexpected  shifts  in 
demand  result  in  price  fluctuations  rather  than  in  quantity  fluctuations.  Hence 
quotas. 

Pollution  taxes  also  provide  a  much  weaker  inducement  to  resource-saving 
technological  progress  than  do  depletion  quotas,  since  in  the  former  scheme 
resource  prices  do  not  necessarily  have  to  rise,  and  may  even  fall.   The  induce- 
ment of  pollution  taxes  is  to  "pollution  avoidance",  and  thus  to  recycling.   But 
increased  competition  from  recycling  industries,  instead  of  reducing  depletion, 
might  spur  the  extractive  industries  to  even  greater  competetive  efforts. 
Intensified  search  and  the  development  of  technologies  with  still  larger  jaws 
(e.g.  strip  mining)  could  speed  up  the  rate  of  depletion  and  thereby  lower 
resource  prices.   Thus  new  extraction  might  once  again  become  competetive  with 
recycling,  leading  to  less  recycling  and  more  depletion--exactly  what  we  wish  to 
avoid.   This  perverse  effect  could  not  happen  under  a  depletion  quota  system. 

The  usual  recommendation  of  "pollution  taxes"  would  seem,  if  the  above  is 
correct,  to  intervene  at  the  wrong  end  with  the  wrong  policy  tool.   Intervention 
by  pollution  taxes  also  tends  to  be  micro  control,  rather  than  macro.   There  are. 
however,  limits  to  the  ability  of  depletion  quotas  to  influence  the  qualitative 
nature  and  spatial  location  of  pollution,  and  at  this  fine-tuning  level  pollution 
taxes  would  be  a  useful  supplement. 

How  might  a  depletion  quota  system  function?  Let  there  be  quotas  set  on  new 
depletion  on  each  of  the  basic  resources,  both  renewable  and  non-renewable,  during 
a  given  time  period.  Let  legal  rights  to  deplete  up  to  the  amount  of  the  quota 
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for  each  resource  be  auctioned  off  by  the  government,  at  the  beginning  of  each 
time  period,  in  conveniently  divisible  units,  to  private  firms,  individuals,  and 
public  enterprises.   After  purchase  from  the  government  the  quota  rights  are 
freely  transferrable  by  sale  or  gift,  and  can  be  retained  for  use  in  subsequent 
time  periods.   As  population  growth  and  economic  growth  press  against  resources 
the  prices  of  the  depletion  quotas  will  be  driven  higher  and  higher.   Reduction  of 
quotas  to  lower  levels  in  the  interest  of  conservation  of  non-renewables  and 
sustainable  exploitation  of  renewables  would  drive  the  price  of  the  quotas  still 
higher.   The  increasing  windfall  rents  resulting  from  increasing  pressure  of  demand 
on  fixed  supply  would  be  captured  by  the  government  through  the  auctioning  of  the 
depletion  rights.   The  government  spends  the  revenues,  let  us  say,  by  paying  a 
social  dividend.   Even  though  the  monetary  flow  is  therefore  undiminished,  the 
real  flow  (throughput)  has  been  physically  limited  by  the  resource  quotas.  All 
prices  of  resources  and  of  goods  increase,  with  the  prices  of  resource- intensive 
goods  increasing  relatively  more.   Total  resource  consumption  (depletion)  is 
reduced.  Moreover,  by  the  law  of  conservation  of  matter-energy,  if  ultimate  inputs 
are  reduced  so  must  ultimate  outputs  (pollution)  be  reduced.   The  aggregate 
throughput  is  reduced  and  with  it  the  gross  stress  it  puts  on  the  ecosystem. 

With  depletion  now  more  expensive  and  with  higher  prices  on  final  goods, 
recycling  becomes  more  profitable.   As  recycling  increases,  effluents  are  reduced 
even  more.  Also  higher  prices  make  consumers  more  interested  in  durability  and 
careful  maintenance  of  wealth.   The  extra  burden  to  the  poor  of  increased  prices 
can  be  more  than  offset  via  the  distributist  institution.  Most  importantly  there 
is  now  a  strong  price  incentive  to  develop  new  resource- saving  technologies  and 
patterns  of  consumption.   If  there  is  any  static  efficiency  loss  in  setting  the 
rate  of  depletion  outside  the  market  (a  doubtful  point) ,  it  seems  to  be  more  than 
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offset  by  the  dynamic  benefits  of  greater  inducements  to  resource- saving 
technological  progress. 

The  adjustment  of  depletion  and  pollution  flows  (throughput)  to  long  run 
ecologically  sustainable  levels  can  be  effected  gradually.   In  the  first  year 
depletion  quotas  could  be  set  at  last  year's  levels,  and  if  necessary  gradually 
reduced  by  say  VL   per  year  until  we  reach  an  equilibrium  level  of  stocks  of 
wealth  requiring  that  "optitital"  throughput  for  its  maintenance.   Thereafter  the 
constant  stock  will  be  maintained  by  the  constant  throughput.   As  we  gradually 
exhaust  non-renewable  resources  their  quotas  will  approach  zero  and  recycling  will 
become  the  only  source  of  inputs.   By  this  time,  presumably,  the  ever-rising  price 
of  the  resource  would  have  induced  a  recycling  technology.   Without  quotas  this 
resource  exhaustion  need  not  be  gradual.   Also,  without  quotas,  the  incentive  to 
develop  the  new  technology  is  less,  since  one  must  face  the  uncertainty  that  some 
newly  discovered  reserves  will  lower  resource  prices  and  make  the  resource-saving 
technology  temporarily  uneconomic.   When  the  rate  of  depletion  becomes  a  social 
parameter  it  can  be  taken  as  known,  and  uncertainty  will  be  less.   Discoveries  of 
new  reserves  will  increase  the  length  of  time  until  exhaustion,  rather  than 
lowering  the  price. 

With  depletion  quotas  the  aggregate  rate  of  depletion  becomes  a  social  decision. 
This  can  be  regarded  as  the  correction  of  a  market  failure.   For  renewable  resources 
quotas  can  be  set  at  a  calculated  optimum  sustainable  yield  or  maximum  rent,  thus 
correcting  the  market  failure  of  over-exploitation.   The  quota  on  renewables  must 
be  such  as  to  avoid  "eating  into  our  capital."  For  privately  owned  and  well-managed 
renewable  resources  the  quotas  would  be  redundant,  and  could  be  dispensed  with. 
Since  with  non-renewables  mankind  is  always  eating  his  capital  the  rate  of  depletion 
should  be  a  collective  decision  based  largely  on  value  judgments- -once  we  are  below 


451 


ecological  disaster  thresholds.   But  two  considerations  argue  for  lower  rates  of 

depletion  and  higher  prices  than  now  prevail:   first  the  conservationists  moral 

concern  about  future  generations,  and  secondly  the  idea  that  resource- saving 

technology  can  be  induced  by  high  resource  prices.   The  rate  of  depletion  of  the 

stock  of  terrestrial  low  entropy  is  fundamentally  a  moral  decision  and  should  be 

decided  on  grounds  of  ethical  desirability  (stewardship),  not  technological 

possibility  or  present  value  calculations  of  profitability.   By  fixing  the  rate 

of  depletion  we  force  technology  to  focus  more  on  the  flow  sources  of  solar  energy 

and  renewable  resources.   The  solar  flux  cannot  be  increased  in  the  present  at  the 

expense  of  the  future.   Thus  let  technology  devote  itself  to  learning  how  to  live 

off  our  solar  income,  rather  than  our  terrestrial  capital.   Such  advances  will 

benefit  all  generations,  not  just  the  present. 

The  issue  is  clarified  by  the  following  simple,  yet  insightful  observation  by 

Georgescu-Roegen: 

"Man's  natural  dowry,  as  we  all  know,  consists  of  two  essentially 
distinct  elements:   (1)  The  stock  of  low  entropy  on  or  within  the  globe, 
and  (2)  the  flow  of  solar  energy,  which  slowly  but  steadily  diminishes 
in  intensity  with  the  entropic  degradation  of  the  sun.   But  the  crucial 
point  for  the  population  problem  as  well  as  for  any  reasonable  speculations 
about  the  future  exasomatic  evolution  of  mankind  is  the  relative  importance 
of  these  two  elements.   For  as  surprising  as  it  may  seem,  the  entire  stock 
of  natural  resources  is  not  worth  more  than  a  few  days  of  sunlight."* 

The  exosomatic  or  technological  evolution  of  mankind  over  the  last  two  centuries 

has  almost  entirely  depended  on  the  less  abundant  stock  source  of  man's  "natural 

dowry",  thus  shifting  our  dependence  away  from  the  more  abundant  solar  flow.   How 

ironic,  then,  to  be  told  by  growth  boosters  that  technical  progress  has  reduced 

man's  dependence  on  natural  resources  1   But  this  does  not  mean  that  technical 

evolution  cannot  be  redirected.   Indeed,  the  main  goal  of  the  depletion  quota  plan 

is  to  turn  technical  change  away  from  increasing  dependence  on  the  terrestrial  stock 

and  toward  the  more  abundant  flow  of  solar  energy  and  renewable  resources.   As  the 


♦Nicholas  Georgescu-Roegen,  The  Entropy  Law  and  the  Economic  Process,  Harvard 
University  Press,  1971,  p.  21. 
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stock  becomes  relatively  more  expensive  it  will  be  used  less  in  direct  consumption 
and  more  for  investment  in  "work  gates"  which  increase  our  ability  to  tap  the  solar 
flow.   Instead  of  taking  long  run  technical  evolution  as  a  parameter  to  which  the 
short  run  variables  of  price  and  quantity  continually  adjust,  the  idea  is  to  take 
short  run  quantities  (and  hence  prices)  as  a  social  parameter  to  be  set  so  as  to 
induce  a  direction  of  technical  evolution  more  in  harmony  with  mankind's  long  run 
interests. 

The  depletion  quota  plan  should  appeal  both  to  technological  optimists  and 
pessimists.   The  pessimist  should  be  pleased  by  the  conservation  effect  of  the 
quotas,  while  the  optimist  should  be  pleased  by  the  price  inducement  to  resource- 
saving  technology.   The  optimist  tells  us  not  to  worry  about  running  out  of  resources 
because  technology  embodied  in  reproducible  capital  is  a  nearly  perfect  substitute 
for  resources.   As  we  run  out  of  anything  prices  will  rise  and  substitute  methods 
will  be  found.   If  one  believes  this,  then  how  could  one  object  to  quotas,  which 
simply  increase  the  scarcity  and  prices  of  resources  a  bit  ahead  of  schedule 
and  more  gradually.   This  plan  simply  requires  the  optimist  to  live  up  to  his 
faith  in  technology. 

Like  the  maximum  limits  on  income  and  wealth,  the  depletion  quotas  could  also 
have  a  trust-busting  effect  if  accompanied  by  a  limit--e.g.  no  single  entity  can  own 
more  than  x  percent  of  the  quota  rights  for  a  given  resource,  or  more  than  y  percent 
of  the  resource  owned  by  the  industry  of  which  it  is  a  member,   "x"  and  "y"  could 
be  set  so  as  to  allow  legitimate  economies  of  scale,  while  curtailing  monopoly 
power. 

A  further  effect  of  the  quota  scheme  is  that  relative  factor  prices  would  change, 
with  labor  becoming  cheaper  relative  to  natural  resources  and  capital.   This  effect 
by  itself  would  tend  to  increase  employment,  which  in  itself  is  not  a  benefit,  but 
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is  necessary  as  long  as  we  maintain  as  income-through- jobs  system  of  distribution. 
However,  reduced  aggregate  consumption  would  tend  to  reduce  employment.   If  the 
latter  effect  predominated  a  job-sharing  reduction  in  the  work  week  might  be 
needed,  or  increased  reliance  on  unearned  income,  such  as  a  social  dividend 
financed  out  of  receipts  from  the  auction  of  resource  quotas,  or  capital  income 
to  the  worker  resulting  from  wider  distribution  of  capital  ownership.   But  we 
have  a  distributist  institution  designed  to  accomplish  these  ends,  which  are 
desirable  on  their  own  account. 

The  actual  mechanics  of  quota  auction  markets  for  three  or  four  hundred  basic 
resources  would  present  no  great  problems.   The  whole  process  could  be  computerized 
since  the  function  of  an  auctioneer  is  purely  mechanical.   It  could  be  vastly 
simpler,  faster,  more  decentralized,  and  less  subject  to  fraud  and  manipulation 
than  today's  stock  market.   Also,  qualitative  and  locational  variation  among 
resources  within  each  category,  though  ignored  at  the  auction  level,  will  be 
taken  into  account  in  price  differentials  paid  to  resource  owners. 

The  depletion  quota  and  birth  quota  systems  bear  an  obvious  analogy.   The 
difference  is  that  the  birth  quotas  are  equally  distributed  and  privately  held 
initially,  and  then  redistributed  among  individuals  through  the  market,  while  the 
depletion  quotas  are  collectively  held  initially  and  then  distributed  to  individuals 
by  way  of  an  auction  market.   The  revenue  derived  from  birth  quotas  is  private 
income,  the  revenue  from  depletion  quotas  is  public  income. 

The  scheme  could  and  probably  must  be  designed  to  include  imported  resources. 
The  same  depletion  quota  right  could  be  required  for  importation  of  resources, 
and  thus  the  market  would  determine  the  proportions  in  which  our  standard  of  living 
is  sustained  by  depletion  of  national  and  foreign  resources.   Imported  final  goods 
would  now  be  cheaper  relative  to  national  goods,  assuming  foreigners  do  not  limit 
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their  depletion.   Our  export  goods  would  now  be  more  expensive  relative  to  the 
domestic  goods  of  foreign  countries.   We  would  tend  to  a  balance  of  payments  deficit. 
But  with  a  freely  fluctuating  exchange  rate  a  rise  in  the  price  of  foreign  currencies 
relative  to  the  dollar  would  restore  equilibrium.   It  might  be  objected  that 
limiting  our  imports  of  resources  will  work  a  hardship  on  the  many  underdeveloped 
countries  who  export  raw  materials.   This  is  not  clear,  because  such  a  policy 
will  also  force  them  to  transform  their  own  resources  domestically  rather  than 
through  international  trade.   Finished  goods  would  not  be  subject  to  quotas.   Also 
foreign  suppliers  of  raw  materials  are  treated  no  differently  from  domestic 
suppliers.   In  any  case  it  is  clear  that  in  the  long  run  we  are  not  doing  the 
underdeveloped  countries  any  favor  by  using  up  their  resource  endowment.   Sooner 
or  later  they  will  begin  to  drive  a  hard  bargain  for  their  non-renewable  resources, 
and  we  had  best  not  be  too  dependent  on  them.   Eventually  population  control  and 
environmental  protection  policies  might  become  preconditions  for  membership  in 
a  new  free-trade  bloc  or  common  market. 

III.   Political  Feasibility 

As  of  1973  the  political  feasibility  of  these  reforms  is  obviously  nil.   Nor 
should  it  be  otherwise,  since  this  suggestion  represents  a  tentative  beginning,  not 
a  detailed,  widely-critiqued,  mature  proposal.   It  may  contain  terrible  mistakes. 
If  so  critics  will  discover  them,  and  will  suggest  remedies  and  improvements. 

But  over  the  medium  run  of  say  five  to  ten  years,  such  institutions  may  appear 
less  extreme  than  the  physical  costs  of  the  trends  generated  by  our  current 
institutions.   Consider,  for  example,  that  although  the  President's  Commission  on 
Population  Growth  and  the  American  Future  did  not  advocate  a  marketable  license 
plan  for  population  control,  it  did  recommend  that  the  nation  "welcome  and  plan 
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for  a  stabilized  population,"  Furthermore  it  listed  some  criteria  for  a  good 
stabilization  plan.   The  Commission  prefers  "a  course  toward  population 
stabilization  which  minimizes  fluctuation  in  number  of  births;  minimizes  further 
growth;  minimizes  change  required  in  reproductive  habits  and  provides  adequate 
time  for  such  changes  to  be  adopted;  and  maximizes  variety  and  choice  in  life 
styles,  while  minimizing  pressures  for  conformity."  On  these  criteria  the 
marketable  license  plan  scores  better  than  any  alternative  that  I  have  seen  or 
am  able  to  imagine. 

We  now  have  a  President's  Commission  on  Materials  Policy,  and  it  remains  to 
be  seen  what  they  will  recommend.   Probably  they  will  recognize  the  need  for 
higher  resource  prices.   From  this  recognition  will  follow  the  intensification  of 
the  distribution  issue,  and  the  search  for  the  most  just  and  efficient  way  to 
raise  resource  prices.   Depletion  quotas  will  surely  be  discussed,  though  pollu- 
tion taxes  are  likely  to  be  favored  initially.   Economists  have  made  the  case  that 
pollution  taxes  are  superior  to  direct  regulations  and  to  subsidizing  pollution 
abatement.   But  the  alternative  of  depletion  quotas  has  not  yet  been  widely 
debated.   The  1952  President's  Materials  Policy  Commission  (the  Paley  Commission), 
though  acknowledging  that  "We  share  the  belief  of  the  American  people  in  the 
principle  of  Growth" (their  capital  G) ,   also  went  on  to  make  the  following  en- 
lightened observation, "Whether  there  may  be  any  unbreakable  upper  limit  to  the 
continuing  growth  of  our  economy  we  do  not  pretend  to  know,  but  it  must  be  a  part 
of  our  task  to  examine  such  limits  as  present  themselves."  This  would  be  a  good 
point  of  departure  for  the  1972  Commission. 

The  minimum  income  part  of  the  distributist  institution  already  has  political 
support.   How  much  support  one  gets  for  the  maximum  income  and  wealth  depends 
partly  on  where  the  limits  are  set.   There  are  very,  very  few  voters  with  more 
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than  $100,000  income  and  $500,000  net  worth,  and  not  many  citizens  who  really 
believe  that  anything  beyond  those  limits  should  not  be  classed  as  greed  rather 
than  need.   The  same  could  be  said  of  limits  set  at  one  half  the  above.   Exactly 
where  we  draw  the  line  is  less  important  than  the  principle  that  such  lines  must 
be  drawn.   A  widespread  recognition  of  the  general  closure  of  growth  should  increase 
the  appeal  of  maximum  limits  and  perhaps  revive  our  Populist  heritage.   If  we 
really  want  decentralized  decision  making  and  participatory  democrary  rather  than 
a  "plutonium-powered  corporate  kleptocracy,"  some  such  limit  is  essential.   Yet 
there  is  still  ample  room  for  the  principle  of  differential  reward  for  differential 
effort  and  contribution,   A  jealous  homogeneity  is  not  the  goal. 

All  three  institutions  are  capable  of  gradual  application  during  the  tran- 
sition to  a  steady  state.   The  birth  quota  does  not  have  to  be  immediately  set  at 
replacement,  but  could  begin  at  existing  levels  and  gradually  approach  replacement 
or  even  lower  fertility.   Initially  the  price  would  be  zero,  and  would  rise 
gradually  as  the  number  of  certificates  issued  to  each  person  was  cut  from  say  1.1, 
to  1.0,  to  0.9,  or  to  whatever  level  is  desired.   The  depletion  quotas  could 
likewise  be  set  at  present  levels,  or  even  at  levels  corresponding  to  a  slower 
rate  of  increase  than  in  the  recent  past.   They  could  be  applied  first  to  those 
materials  in  shortest  supply,  and  to  those  whose  wastes  are  hardest  to  absorb,  and 
then  gradually  extended  to  include  nearly  all  minerals  and  fossil  fuels.   Initial 
prices  on  quota  rights  would  be  low,  but  then  would  rise  gradually  as  growth 
pressed  against  the  fixed  quotas,  or  as  quotas  were  reduced  in  the  interest  of 
conservation.   In  either  case  the  increased  scarcity  rent  becomes  revenue  to  the 
government.   The  distribution  limits  might  begin  near  the  present  extremes  and 
slowly  close  to  a  more  desirable  range.  The  three  institutions  are  amenable  to 
any  degree  of  gradualism  one  may  wish.  However  the  distribution  limits  must  be 
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tightened  faster  than  the  other  two  if  the  burden  on  the  poor  is  to  be  lightened. 

But  it  is  also  the  case  that  these  institutions  could  be  totally  ineffective. 
Depletion  quotas  could  be  endlessly  raised  on  the  grounds  of  national  defense, 
balance  of  payments,  etc.   Real  estate  and  construction  interests,  not  to  mention 
the  baby  food  and  toy  lobby,  might  convince  Congress  to  keep  the  supply  of  birth 
licenses  well  above  replacement  level.   People  at  the  maximum  income  and  wealth 
limit  may  succeed  in  raising  that  limit  by  spending  a  great  deal  of  their  money  on 
T.V,   ads  extolling  the  Unlimited  Acquisition  of  Everything  as  the  very  foundation 
of  the  American  Way  of  Life.   And  everything  would  be  the  same,  and  all  justified 
in  the  sacred  name  of  growth.   Nothing  will  work  unless  we  break  our  idolatrous 
committment  to  material  growth. 

Thus  we  are  brought  back  to  the  all  important  moral  issues  with  which  we 
began.   A  physical  steady  state,  if  it  is  to  be  worth  living  in,  absolutely 
requires  moral  growth.   Future  progress  simply  must  be  made  in  terms  of  the  things 
that  really  count,  rather  than  the  things  that  are  merely  countable. 
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Preface 


In  this  book  we  attempt  to  define  and  describe  the  problems  resuhing  from 
today's  unprecedented  rates  of  human  population  increase,  and  to  help  pol- 
icymakers understand  the  implications  of  these  problems.  In  its  entirety  the 
work  contains  a  summary  and  recommendations  (Volume  I)  and  a  collection 
of  research  papers  (Volume  II)  by  scholars  representing  several  disciplines- 
economics,  political  science,  sociology,  demography,  education,  social  ethics 
and  public  health.  We  hope  that  our  conclusions  will  appeal  to  a  wide  audi- 
ence, but  we  realize  that  many  potential  readers,  especially  busy  and  preoc- 
cupied government  officials,  are  unlikely  to  have  the  time  to  study  the  more 
technical  research  papers  upon  which  the  policy  recommendations  are  based. 
We  have  therefore  decided  that  publication  should  take  two  forms:  a  cloth- 
bound  edition  containing  both  sections  of  the  study,  and  a  low-priced  paper- 
back edition  of  Volume  I,  the  summary  and  recommendations.  The  paper- 
back edition  of  Volume  I  is  a  self-contained  unit  and  can  be  read  as  such; 
however,  for  the  interested  reader,  references  are  made  in  the  footnotes  to 
the  more  detailed  discussions  in  Volume  II. 

Early  in  1967  the  directors  of  seven  U.S.  centers  for  the  study  of  popula- 
tion agreed  that  not  enough  is  known  about  the  economic  and  social  effects 
of  rapid  population  growth.  This  lack  of  knowledge  has  not,  however,  hin- 
dered the  development  of  population  policies  and  programs  in  a  number  of 
countries  around  the  world.  Some  governments,  seeing  the  specters  of  famine 
or  of  vast  armies  of  unemployed,  have  moved  forthrightly  to  help  their  peo- 
ple limit  their  own  fertility.  Other  national  administrations  have  stalwartly 
defended  the  need  for  more  people  to  fill  their  empty  lands  or  to  provide  the 
human  engine  for  their  march  toward  "national  destiny." 

Study  and  research  about  the  physiology  and  chemistry  of  the  human 
reproductive  system  proceed  apace.  Comparable  research  on  the  social  and 
economic,  political,  and  educational  consequences  of  high  and  sometimes 
rising  birth  rates,  falling  mortality,  differing  age  patterns  in  changing  societies, 
and  what  a  policymaker  can  do  about  these  phenomena,  has  lagged  sorely 
behind  the  research  on  demographic  and  contraceptive  aspects  of  the  prob- 
lems. The  center  directors  asked  why  this  is  so  and  whether  something  could 
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be  done  about  it.  Dr.  Roger  Revelle,  Director  of  the  Harvard  University 
Center  for  Population  Studies,  took  the  question  to  the  then  Administrator 
of  the  Agency  for  International  Development,  Mr.  William  S.  Gaud,  who  in 
turn  asked  the  National  Academy  of  Sciences  to  design  and  execute  this 
study.  Dr.  Frederick  Seitz,  President  of  the  Academy  at  that  time,  appointed 
the  undersigned  as  a  special  study  committee,  and  requested  Mr.  W.  Murray 
Todd,  chief  staff  officer  of  the  Office  of  the  Foreign  Secretary,  to  help  in 
organizing  and  developing  the  study. 

In  the  course  of  this  work,  two  objectives  have  evolved:  First,  we  have 
tried  to  understand  some  of  the  consequences  (and  to  a  lesser  extent  some  of 
the  determinants)  of  rapid  population  growth.  We  have  limited  ourselves  to 
relatively  short-term  and  clear-cut  issues  that  are  somewhat  obvious,  because 
these  are  the  phenomena  that  concern  the  most  people  and  about  which 
policymakers  must  make  decisions  now. 

Second,  we  have  tried  to  separate  some  exceedingly  complex  problems 
into  manageable  components.  In  the  past,  much  of  the  case  for  population 
limitation  has  rested  on  the  presumed  likelihood  of  exponential  growth  over 
rather  long  periods  of  time.  Apocalyptic  visions  of  the  future  are  based  on 
simple,  mathematical  extrapolation  of  present  rates  of  population  growth.  We 
have  asked  a  number  of  students  of  population  to  tell  us  what  we  really  do 
know,  on  the  basis  of  the  carefully  collected  evidence,  and  what  we  do  not 
know;  their  answers  are  reported  in  Volume  II.  From  these  papers  and  other 
evidence  we  have  tried  to  derive  a  set  of  propositions  about  population 
growth  and  to  infer  some  implications  for  the  policymaker;  these  are  con- 
tained in  Volume  I. 

We  have  endeavored  to  examine  the  population  problem  as  it  affects  us 
now— and  for  the  next  5  to  30  years.  The  time  dimension  for  any  policy 
action  that  affects  population  is  very  likely  to  exceed  the  term  of  public 
office  of  the  policymaker  or  planner.  This  means  that  the  rationale  for  public 
poHcy  on  population  must  be  so  clear  to  the  citizenry  that  the  policy's  life  is 
not  dependent  upon  the  term  of  its  political  sponsor.  Thus  we  try  to  make 
the  case  for  public  understanding,  wide  dissemination  of  knowledge,  free  and 
open  discussion  of  available  evidence,  and  dedication  to  expanded  research. 

In  our  recommendations  in  Volume  I  we  argue  for  action  to  limit  popula- 
tion growth  now,  based  on  the  available  evidence  and  the  need  to  do  some- 
thing with  the  tools  at  our  disposal  to  improve  the  conditions  of  life  for 
families,  by  giving  parents  the  means  and  the  incentives  to  limit  their  fertility, 
and  to  help  societies  balance  their  numbers  with  available  food,  jobs,  educa- 
tion, health  services,  or  resources. 

Rapid  Population  Growth  follows  two  earlier  Academy  publications.  The 
Growth  of  World  Population  (1963)  and  The  Growth  of  U.S.  Population 
(1965).  It  is  an  extension  of  our  understanding  and  an  expression  of  the 
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Academy's  continuing  sense  of  obligation  to  speak  forthrightly  on  this  most 
fundamental  problem. 

Our  work  contains  statements  of  opinion  as  well  as  fact.  We  have  drawn 
freely  from  our  contributing  authors  and  from  the  literature.  We  recognize 
that  we  have  a  certain  bias  stemming  from  our  Judeo-Christian  tradition  and 
that  controversy  can  surround  many  aspects  of  population  questions,  but  our 
goal  has  been  to  approach  our  subject  in  a  spirit  of  detachment  and  humane 
understanding  of  the  wide  range  of  values  with  which  different  societies 
approach  these  great  issues. 

We  have  attempted  to  offer  policymakers  reasoned  options  and  to  demon- 
strate the  qualitative  as  well  as  the  quantitative  dimensions  of  human  popula- 
tion change.  Current  research  is  accumulating  evidence  that  considerations  of 
individual  and  family  welfare  have  a  direct  and  immediate  impact  on  the 
fertility  behavior  of  parents.  Equally  critical  are  the  long-term  considerations 
of  the  total  number  of  people  in  relation  to  total  food  supply,  resources, 
land,  and  the  environment  that  transcend  several  generations,  because  they 
too  must  be  the  concern  of  the  planner  and  policymaker  today. 

We  believe  governments  need  to  understand  that  quantitative  and  qualita- 
tive population  questions  are  bound  to  force  a  series  of  increasingly  far-reach- 
ing governmental  policy  decisions  and  that  the  longer  these  decisions  are 
avoided,  the  more  difficult  they  will  become.  Our  goal  is  to  contribute  to  the 
scientific  analysis  and  informed  opinion  that  can  lead  to  intelligent  policy 
formulation  and  execution  in  both  the  public  and  private  sectors. 

The  Committee 

Roger  Revelle,  Chairman  Norman  Ryder 

Ansley  J.  Coale  T.  W.  Schultz 

Moye  Freymann  George  Stolnitz 

Oscar  Harkavy  Harold  A.  Thomas 

Hans  Landsberg  Samuel  Wishik 

Walsh  McDermott  W.  Murray  Todd,  Staff 
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I 


An  Overview  of  the  Problem 


In  this  book  we  are  concerned  with  the  most  fundamental  event  of  our 
times-the  enormous  growth  of  the  world's  population  during  the  last  3 
decades,  and  the  prospects  for  continued  growth  in  the  future. 

Many  people  believe,  as  Malthus  did  at  first,  though  he  later  changed  his 
mind,  that  the  numbers  of  human  beings  will  always  increase  up  to  a  level  set 
by  the  available  food  supply,  or  by  enemies  and  disease.  "Gigantic,  inevitable 
famine  stalks  in  the  rear  of  misery  and  vice  to  limit  the  numbers  of  man- 
kind." Even  though  death  rates  today  are  lower  than  they  have  ever  been,  and 
the  proportion  of  the  world's  human  population  that  is  seriously  malnour- 
ished is  probably  less  than  at  any  time  since  the  Old  Stone  Age,  the  belief  is 
wddespread  that  uncontrolled  population  growth  in  the  earth's  poor  countries 
is  leading  to  catastrophe.  It  is  possible,  however,  to  take  a  different  view, 
based  on  what  we  know  about  the  history  of  human  populations  and  on  the 
behavior  of  niany  people  at  the  present  time-a  view  that  social  inventions 
will  lead  to  a  deliberate  limitation  of  fertility  by  individual  couples. 

At  the  same  time  the  technical  potentialities  exist,  not  only  to  feed  all 
human  beings,  but  greatly  to  improve  the  quality  of  human  diets,  at  least 
until  the  end  of  this  century.  During  the  next  20  years  no  change  in  human 
fertility  patterns  can  have  much  effect  on  the  dimensions  of  the  world  food 
problem.  And  the  natural  resources  available  to  present  technology  are  suffi- 
cient to  allow  a  vast  improvement  in  the  standard  of  living  of  all  the  people 
who  will  inhabit  the  earth  20  to  30  years  from  now.  This  is  not  to  say  that 
such  an  improvement  in  diets  or  standard  of  living  will  inevitably  occur.  It 
will  depend  on  the  improvement  of  social  and  economic  institutions,  and  on 
the  growth  of  cooperation  and  interdependence  among  the  peoples  of  the 
world. 

Nevertheless,  a  reduction  in  present  rates  of  population  growth  is  highly 
desirable  from  many  points  of  view,  because  high  fertility  and  rapid  popula- 
tion growth  have  seriously  adverse  social  and  economic  effects.  A  reduction 
in  human  fertility  is  an  important  component  of  social  and  economic  devel- 
opment, althougli  such  a  reduction  cannot  be  a  substitute  for  large  capital 
investments  and  massive  transfers  of  technology. 
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Rapid  population  growth  has  economic,  social,  and  political  effects.  It  also 
interacts  with  public  education,  health  and  welfare,  and  the  quality  of  the 
environment  in  which  people  live.  As  we  shall  show,  many  of  these  conse- 
quences are  not  well  understood,  and  their  magnitude  is  uncertain.  The  sig- 
nificance of  others  is  less  than  is  generally  believed.  Without  at  this  time 
assigning  quantitative  values,  we  may  very  briefly  list  the  categories  of  conse- 
quences that  are  usually  recognized.  In  later  sections,  these  consequences  are 
discussed  more  fully. 


Categories  of  Consequences 

Economic  Consequences 

Rates  of  population  growth  in  many  less  developed  countries  are  at  least 
half  the  rates  of  economic  growth  and  in  some  cases  almost  equal  the  latter. 
Chiefly  because  of  the  high  fertility  of  these  countries,  the  ratios  of  children 
to  adults  are  very  high  when  compared  with  these  ratios  in  developed  coun- 
tries, and  the  numbers  of  young  people  reaching  the  age  of  labor  force  partici- 
pation are  rapidly  increasing.  Both  of  these  factors  produce  serious  economic 
consequences. 

Rapid  population  growth  slows  down  the  growth  of  per  capita  incomes  in 
less  developed  countries  and  tends  to  perpetuate  inequalities  of  income  distri- 
bution. It  holds  down  the  level  of  savings  and  capital  investment  in  the  means 
of  production  and  thereby  limits  the  rate  of  growth  of  gross  national  product. 
Food  supplies  and  agricultural  production  must  be  greatly  increased  to  meet 
the  needs  of  rapidly  growing  populations,  and  this  constrains  the  allocation  of 
resources  to  other  economic  and  social  sectors.  The  number  of  persons  enter- 
ing the  labor  force  grows  very  rapidly.  Because  the  number  of  people  seeking 
employment  is  larger  than  the  number  of  available  jobs,  unemployment  and 
underemployment  are  increasingly  serious  problems.  An  ever  larger  number 
of  workers  cannot  be  absorbed  in  the  modern  (industrialized)  sector.  They 
are  forced  into  unproductive  service  occupations  or  back  into  the  traditional 
(agricultural)  sector  with  its  low  productivity  and  bare  subsistence  wage 
levels.  Large  supplies  of  cheap  labor  tend  to  hold  back  technological  change, 
and  industrialization  is  slowed  by  mass  poverty,  which  reduces  the  demand 
for  manufactured  goods.  Low  savings  rates  and  low  labor  skill  inhibit  the  full 
development  and  utilization  of  natural  resources  in  some  countries,  while  in 
others  the  growing  populations  outrun  the  levels  at  which  renewable  re- 
sources can  be  sustained,  and  the  resource  base  deteriorates.  Widespread  pov- 
erty, the  low  productivity  of  labor,  the  growing  demands  for  food,  and  slow 
industrialization  distort  and  degrade  the  international  trade  of  the  less  de- 
veloped countries. 
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Social  Effects 


Large-scale  internal  migration  and  rapid  urbanization  are  among  the  most 
important  social  effects  of  rapid  population  growth.  The  growing  numbers  of 
children  who  survive  their  parents  place  new  strains  on  intergenerational  rela- 
tionships. Social  mobility  is  impeded  by  continuing  widespread  poverty.  Be- 
cause only  a  fraction  of  the  growing  population  can  be  absorbed  into  the 
modern  sector,  the  numbers  of  people  in  the  traditional  sector  rapidly  in- 
crease and  the  gap  between  the  two  continually  widens.  Thus  two  "nations," 
one  relatively  well  off  and  the  other  backward  and  poor,  exist  side  by  side  in 
the  same  country. 

Political  Effects 

Political  and  social  conflicts  among  different  ethnic,  religious,  linguistic, 
and  social  groups  are  greatly  worsened  by  rapid  population  growth.  Political 
and  administrative  stresses  are  increased  by  the  rural-urban  migration  which  is 
partly  caused  by  this  growth,  and  by  increasing  demands  for  government 
services  in  health,  education,  welfare,  and  other  functions.  The  large  propor- 
tions of  young  people,  particularly  those  who  are  unemployed  or  have  little 
hope  for  a  satisfactory  future,  form  a  disruptive  and  potentially  explosive 
political  force,  although  there  is  no  evidence  that  rapid  population  growth  is 
by  itself  the  cause  or  even  the  major  contributing  factor  in  violence  and 
aggression. 

Consequences  for  Education 

Because  the  numbers  of  children  grow  even  more  rapidly  than  the  total 
population,  the  need  for  educating  ever  larger  numbers  inhibits  the  raising  of 
enrollment  ratios  and  improvement  in  the  quality  of  education.  High  propor- 
tions of  children  reduce  the  amount  out  of  any  given  educational  budget  that 
can  be  spent  for  the  education  of  each  child.  Because  each  cohort,  or  age 
group,  of  the  population  is  larger  than  its  predecessor,  it  is  difficult  to  recruit 
sufficient  numbers  of  teachers  from  among  the  adult  population. 

Health,  Welfare,  and  Child  Development 

The  cost,  adequacy,  and  nature  of  health  and  welfare  services  are  affected 
by  rapid  population  growth  in  much  the  same  way  as  are  those  of  educational 
services.  In  the  individual  family,  maternal  death  and  illness  are  increased  by 
high  fertility,  early  and  frequent  pregnancies,  and  the  necessity  of  caring  for 
excessive  numbers  of  children.  The  physical  and  mental  development  of  chil- 
dren is  often  retarded  in  large  families  because  of  inadequate  nutrition  and 
the  diseases  associated  with  poverty,  and  because  the  children  are  deprived  of 
sufficient  adult  contact.  Poor  and  crowded  housing  in  the  urban  slums  of 
rapidly  growing  cities  produces  further  illness  and  retardation. 
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Environmental  Deterioration 


Necessarily  rapid  increases  in  agricultural  production,  both  of  crops  and 
livestock,  in  many  areas  increase  erosion,  soil  and  water  deterioration,  and 
destruction  of  wildlife  and  natural  areas.  Pollution,  caused  by  the  indiscrim- 
inate use  of  pesticides,  poisons  people  and  domestic  and  wild  animals. 

Efforts  to  Solve  the  Problem 

Over  a  billion  births  will  have  to  be  prevented  during  the  next  30  years  to 
bring  down  the  world's  population  growth  rate  from  the  present  2  percent 
per  year  to  an  annual  rate  of  1  percent  by  the  year  2000.  The  task  may  well 
be  the  most  difficult  mankind  has  ever  faced,  for  it  involves  the  most  funda- 
mental characteristic  of  all  life-the  need  to  reproduce  itself.  An  unprece- 
dented effort  is  demanded,  yet  success  will  depend  on  the  private  actions  of 
hundreds  of  millions  of  individual  couples. 

Until  very  recently,  few  nations  had  explicit  population-influencing  pol- 
icies. Like  the  movement  of  a  glacier,  population  changes  were  barely  per- 
ceptible from  year  to  year  and  yet  were  inexorable  in  character,  seemingly 
beyond  the  range  of  government  policy.  Only  within  the  last  few  years,  when 
the  vastly  accelerated  rates  of  population  growth  have  become  apparent  to 
all,  have  governments  recognized  the  needs  and  the  possibility  of  actions  to 
protect  their  people  from  the  consequences  of  their  own  fertility  and  to 
effect  reductions  in  fertility.  Population  policies  are  thus  a  new  and  untested 
area  for  politicians  and  administrators,  who  have  neither  tradition  nor  public 
consensus  to  guide  them. 

Nevertheless,  many  governments  of  developing  countries  are  now  adopting 
policies  aimed  at  reducing  birth  rates  and  high  rates  of  population  growth. 
During  the  1960's  fifteen  governments  in  Asia,  nine  in  Africa,  and  fifteen  in 
Latin  America  and  the  Caribbean  area  began  to  undertake  fertility  control 
programs,  or  to  give  support  to  unofficial  programs  in  the  absence  of  explicit 
formulation  of  government  poHcy.  The  total  population  of  the  countries 
which  have  or  support  family  planning  programs  is  nearly  1,900  million,  80 
percent  of  the  population  of  the  less  developed  world.  Several  of  the  rich 
countries,  many  intergovernmental  agencies,  and  private  foundations  are  pro- 
viding financial  help  and  expert  advice  for  these  fertility  control  programs. 

This  book  is  designed  to  stimulate  planners  and  decision-makers  of  devel- 
oped and  developing  nations  to  examine  the  consequences  of  rapid  popula- 
tion growth  for  their  own  social  and  economic  policies  and  patterns  of  action. 
That  governments  can  and  will  take  action  we  assume  as  the  natural  course  of 
human  affairs.  Our  goal  is  to  encourage  a  thoughtful  examination  of  the 
consequences  of  rapid  population  growth  and  their  implications  for  public 
policy. 
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II 


The  Demographic  Setting* 


World  population  at  the  beginning  of  1970  was  over  3.5  billion.  Less  than 
two  human  generations  ago,  in  1930,  it  was  2  billion.  About  eleven 
generations  ago,  1650— the  onset  of  the  modern  era— it  was  only  half  a  billion. 
In  little  more  than  one  human  generation  hence,  in  the  year  2000,  world 
population  could  easily  reach  7  billion  and  possibly  greatly  exceed  this  num- 
ber. Growth  rates  have  quickened:  the  world  population  increased  from  half  a 
billion  in  1650  to  1  biUion  in  1825,  to  2  billion  in  1930,  and  to  3  billion  in 
1960.  If  present  rates  continue,  there  will  be  4  billion  human  beings  by  1975. 
The  acceleration  is  emphasized  by  calling  attention  to  the  ever  shorter  period 
required  to  double  human  numbers— 175  years  between  1650  and  1825,  105 
years  between  1825  and  1930,  and  45  years  between  1930  and  1975. 

The  public  has  become  more  and  more  aware  of  the  dramatic  rise  in  the 
rate  of  world  population  growth  during  the  three  centuries  of  the  modern  era. 
Rapid  growth  has  been  one  of  three  related  population  phenomena  generating 
acute  public  concern.  The  other  two  are  the  increasing  concentration  of  the 
world's  people  on  a  relatively  small  proportion  of  the  earth's  surface— a  phe- 
nomenon better  known  as  urbanization  and  metropolitanization— and  the 
growing  diversity  of  the  peoples  who  share  the  same  geographic  area  and, 
increasingly,  the  same  life  space  and  the  same  economic,  social,  and  political 
systems. 

These  three  population  developments  are  of  relatively  recent  origin, 
spanning  no  more  than  about  three  of  the  perhaps  forty  thousand  centuries 
that  man  or  a  close  relative  has  resided  on  this  planet.  Only  during  the  course 
of  the  present  century  have  these  three  interrelated  developments  combined 
to  generate  world,  national,  and  local  crises,  and  to  force  intensified  attention 
to  population  problems. 

During  the  first  three  centuries  of  the  modern  era,  from  1650  to  1950, 
world  population  multiplied  about  fivefold,  from  0.5  to  2.5  billion,  but  over 


*See  the  following  chapters  in  Vol.  II  of  this  study:  PhiUp  M.  Hauser,  "World  Popula- 
tion: Retrospect  and  Prospect";  Nathan  Keyfitz,  "Changes  of  Birth  and  Death  Rates  and 
their  Demographic  Effects";  and  Dudley  Kirk,  "A  New  Demographic  Transition?" 
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this  time  span  the  population  of  Europe  (including  the  present  Soviet  Union) 
increased  about  sixfold,  of  Europe  and  European-occupied  areas  in  the  West- 
ern Hemisphere  and  Oceania  combined,  about  eightfold.  The  population  of 
northern  America  increased  about  160-fold  and  that  of  Latin  America  about 
14-fold. 

During  the  same  period  the  population  of  Asia  increased  by  less  than 
fourfold.  (This  contrasts  with  what  must  have  been  a  much  less  rapid  increase 
earlier.  The  absolute  increases  in  Asia  were  very  large.)  In  Africa,  population 
merely  doubled.  It  is  clear  that  greatly  accelerated  growth  occurred  first 
among  the  nations  that  first  experienced  modernization— the  combination  of 
"revolutions,"  including  the  agricultural  revolution,  the  commercial  revolu- 
tion, the  industrial  revolution,  the  science  revolution,  and  the  technological 
revolution.  Explosive  population  growth,  the  "vital  revolution"— a  pace  of 
growth  without  precedent  in  long-settled  areas— did  not  approach  present 
proportions  among  the  two  thirds  of  mankind  in  the  developing  nations  in 
Asia,  Latin  America,  and  Africa  until  after  World  War  I,  and  especially  after 
World  War  II. 

By  the  beginning  of  1969  seven  giant  nations  contained  about  three  fifths 
of  the  world's  peoples— some  2  billion.  These  nations  are  China  with,  perhaps, 
730  million,  India  with  520  million,  the  Soviet  Union  with  240  million,  the 
United  States  with  200  million,  Pakistan  with  130  million,  Indonesia  with 
1 15  million,  and  Japan  with  100  million. 

Demographic  Prospects 

If  present  fertility  rates  persist  and  mortality  trends  continue,  world  pop- 
ulation could  reach  7.5  billion  in  the  next  30  years.  With  reasonable  allow- 
ance for  reductions  in  fertility,  world  population  could  reach  7  billion  by  the 
century's  end— perhaps  the  best  estimate  now  possible  on  the  assumption  of 
no  worldwide  catastrophe  such  as  a  nuclear  war.  In  the  realm  of  the  possible, 
also,  is  a  world  population  considerably  in  excess  of  7.5  billion  if  the  growth 
rate  continues  to  increase  as  it  has  done  throughout  this  century. 

In  the  shorter  run,  using  the  United  Nations  "high  variant"  population 
estimates  giving  a  total  of  7  billion  by  the  turn  of  the  century,  world  popula- 
tion will  approximate  4  billion  by  1975,  4.6  biUion  by  1980,  5  billion  by 
1985,  and  5.7  billion  by  1990.  Almost  certainly,  the  number  will  exceed  5.5 
billion  by  2000  because  of  the  age  composition  of  the  present  population. 
Potential  parents  are  much  more  numerous  than  the  present  reproducing 
cohorts.  These  numbers  underline  the  magnitudes  of  the  problems  that  will 
face  the  world  in  the  immediate  future  as  population  numbers  continue  to 
swell. 

Between  now  and  the  century's  end  the  developing  nations  are  certain  to 
experience  higher  growth  rates  than  the  economically  advanced  nations.  By 
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the  year  2000,  the  now-developing  areas  may  well  number  some  5.4  billion 
persons;  the  economically  advanced  nations,  some  1.6  billion.  Thus,  while  the 
modernized  nations  will  increase  by  some  600  million  during  the  next  30 
years,  the  developing  nations  could  increase  by  about  3  billion  or  five  times  as 
much. 

The  accelerating  growth  in  human  numbers  is  shown  by  comparing  ob- 
served and  projected  annual  increases.  Between  1900  and  1950  the  popula- 
tion of  the  world  grew  by  some  20  million  persons  per  year.  On  the  basis  of 
the  projections  we  have  cited,  it  could  increase  by  an  average  of  90  million 
per  year  during  the  second  half  of  this  century,  and  by  as  much  as  150 
million  per  year  during  the  first  20  years  of  the  21st  century. 

Birth  Rates  and  Death  Rates 

World  population  growth  is  entirely  the  result  of  natural  increase— the 
excess  of  births  over  deaths.  For  any  subdivision  of  the  world,  net  migra- 
tion—the difference  between  out-  and  in-migration— is  also  a  factor. 

The  population  "explosion"  is,  in  general,  the  result  of  great  declines  in 
death  rates  along  with  continuing  high  birth  rates.  When  death  rates  began  to 
fall,  as  they  did  in  European  populations  in  the  18th  and  19th  centuries,  and 
in  non-European  populations  in  the  20th,  more  and  more  children  survived  to 
adulthood  and  were  themselves  able  to  produce  children. 

Among  Europeans  and  populations  of  European  stock,  death  rates  de- 
clined rather  slowly,  requiring  many  decades  to  fall  from  30-35  per  1,000  to 
the  15-20  per  1,000  typical  of  most  less  developed  countries  today. 

Populations  of  European  stock  and,  more  recently,  Japan  have  largely 
completed  what  demographers  call  the  "demographic  transition."  Birth  rates 
have  declined  from  highs  of  30  to  40  or  more  births  per  1,000  population  to 
below  20  per  1 ,000.  Since  death  rates  in  these  populations  have  now  declined 
to  the  level  of  10  per  1,000,  annual  growth  rates  are  1  percent  or  less, 
compared  with  2  to  3.5  percent  in  less  developed  countries. 

The  great  reductions  in  mortaUty  did  not  reach  the  two  thirds  of  mankind 
in  the  developing  nations  in  Asia,  Latin  America,  and  Africa  until  after  World 
War  II.  In  general,  birth  rates  have  remained  high,  with  the  result  that  these 
areas  are  experiencing  higher  rates  of  natural  increase  than  ever  characterized 
the  developed  countries  of  today.  Latin  America,  the  most  rapidly  growing 
continental  region,  at  3  percent  per  year,  will  double  its  population  in  about 
23  years. 

The  Recent  Decline  in  Mortality  in  Less  Developed  Countries 

The  average  expected  lifetime  at  birth  (life  expectancy)  for  the  population 
of  India  in  1910  was  about  22  years,  probably  not  much  different  from  what 
it  had  been  during  the  previous  2,000  years.  For  the  less  developed  countries 
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of  Africa,  Asia,  and  Latin  America  as  a  whole,  life  expectancy  in  the  decade 
of  the  1920's  was  probably  less  than  35  years,  lower  than  it  was  in  1840  in 
western  Europe,  Canada,  and  the  United  States.  An  extremely  rapid  rise  in 
life  expectancy  and  a  corresponding  decline  in  death  rates  occurred  during 
the  first  two  decades  after  World  War  II,  and  is  still  continuing,  though 
probably  at  a  slower  rate. 

The  reasons  for  this  remarkable  change  are  not  entirely  clear.  One  cause 
was  certainly  the  widespread  control  and  virtual  elimination  of  malaria  and 
some  other  insect-carried  diseases.  Others  were  the  widespread  use  in  rural 
areas  of  the  less  developed  countries  of  vaccines  and  modern  drugs,  improved 
drinking  water  and  sanitation,  and  better  personal  hygiene.  All  these  pubhc 
health  measures,  the  products  of  modern  technology,  are  relatively  inexpen- 
sive and  easy  to  use  in  the  absence  of  much  improvement  in  economic  condi- 
tions. But  improved  nutrition  resulting  from  greater  abundance  and  better 
distribution  of  food  supplies  and  some  rise  in  per  capita  incomes  have  prob- 
ably also  been  important  factors  in  many  regions.  Famines  on  a  widespread 
scale  have  been  absent  or  infrequent  owing  to  improved  transportation  and 
communications,  and  to  greater  concern  for  the  welfare  of  the  poor  countries 
among  food-surplus  nations.  There  has  been  some  speculation  that  human 
beings  have  developed  more  immunity  to  some  microbial  diseases  or  that  the 
virulence  of  some  microorganisms  has  declined.  The  period  from  the  14th  to 
the  19th  centuries  has  been  called  the  "golden  age  of  bacteria." 

Recent  Changes  in  Fertility  in  Some  Less  Developed  Countries 

In  a  few  less  developed  countries  there  has  been  a  significant  decline  in 
birth  rates  during  the  last  10  to  15  years.  On  the  other  hand,  in  at  least  some 
countries  where  birth  rates  are  still  high,  these  rates  have  apparently  risen 
somewhat  during  recent  years,  probably  because  of  greater  survival  and  better 
health  of  mothers  during  their  later  reproductive  years. 

From  1960  to  1967  seven  poor  countries  achieved  declines  in  their  birth 
rates  of  20  to  35  percent:  Taiwan,  Hong  Kong,  Singapore,  Mauritius, 
Barbados,  Trinidad  and  Tobago,  and  Albania.  Seven  others  showed  declines 
of  12  to  19  percent:  West  Malaysia,  Ceylon,  Reunion,  Jamaica,  Puerto  Rico, 
Chile,  and  Costa  Rica.  These  rates  of  decline  are  much  higher  than  those  in 
the  present  developed  countries  during  their  period  of  demographic  transi- 
tion. Several  other  countries  in  Latin  America  seem  to  be  approaching  a  point 
of  fertility  decline:  Guiana,  Venezuela,  Panama,  and  Mexico. 

In  most  of  these  countries  there  has  been  a  substantial  measure  of  eco- 
nomic development  and,  particularly,  social  change,  including  notable  im- 
provements in  education,  communication,  social  infrastructure,  and  life 
expectancy.  Several  of  them  have  experienced  a  high  per  capita  input  of 
capital  and  technology  from  the  rich  countries.  The  evidence  of  these  coun- 
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tries  suggests  that  a  certain  "threshold"  level  of  socioeconomic  development 
may  be  a  precondition  for  a  sustained  drop  in  birth  rates.  This  threshold  level 
differs  rather  substantially  from  region  to  region  and  from  culture  to  culture, 
being  lowest  in  the  countries  of  Chinese  culture  on  the  eastern  rim  of  Asia 
and  much  higher  in  Moslem  cultures  and  the  countries  of  Latin  America. 

Age  Structure  Patterns 

Before  the  decline  of  mortaUty  in  western  Europe  the  combination  of  high 
fertility  and  high  mortality  produced  populations  that  tended  to  be  relatively 
young,  with  an  average  age  of  about  25.  Five  or  six  children  were  born 
during  the  reproductive  period  of  women,  but  of  these  only  two  or  three 
survived  to  become  adults.  During  the  first  stages  of  the  demographic  transi- 
tion, as  mortality— especially  infant  mortality— declined  while  fertility  re- 
mained high,  the  average  age  of  the  population  became  lower  and  family  size 
increased  because  larger  proportions  of  children  survived.  Among  the  eco- 
nomically advanced  nations,  the  presence  of  increased  numbers  of  children 
probably  contributed  eventually  to  declines  in  the  birth  rate,  especially  in 
urban  settings  in  which  children  tended  increasingly  to  become  an  economic 
burden.  Larger  numbers  of  surviving  children  called  for  much  more  parental 
care,  attention,  and  support,  and  also  increased  the  need  for  community  and 
national  provisions  for  the  young,  including  schools,  health  services,  and  rec- 
reation facilities. 

As  birth  rates  declined  in  what  are  now  called  the  developed  countries,  the 
populations  grew  older  and  family  size  again  became  smaller.  The  median  age 
of  western  populations  rose  to  about  30,  and  the  number  of  children  ever 
born  declined  to  two  or  three  per  family.  The  developing  nations  today,  in 
contrast,  still  have  predominantly  young  populations  with  growing  family  size 
because  of  increased  child  survival.  Therefore,  the  burden  of  dependency  is 
relatively  high  in  these  countries  and  increases  in  per  capita  income  are  re- 
tarded because  the  number  of  nonproducing  consumers  (both  children  and 
adults)  is  about  as  large  as  the  number  of  workers. 

Fertility,  Mortality,  and  Changes  in  Family  Size 

As  life  expectancy  goes  up  and  death  rates  decline,  the  proportion  of 
children  less  than  15  years  old  in  the  population  increases,  provided  that  the 
fertiHty  rates  remain  constant,  because  fewer  children  die.  For  example,  with 
six  live  births  per  woman,  the  percentage  of  children  goes  from  39  percent 
when  life  expectancy  is  30  years  to  45  percent  with  a  life  expectancy  of  60 
years,  an  increase  of  about  28  percent  in  the  child/adult  ratio.  The  average 
number  of  children  under  15  in  each  family  increases  in  the  same  proportion. 
However,  the  effect  of  changes  in  death  rates  on  the  proportion  of  children 
and  on  family  size  is  much  smaller  than  the  effect  of  an  equal  change  in  birth 
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rates.  The  principal  demographic  effect  of  rapid  population  growth  resulting 
from  a  high  and  nearly  constant  birth  rate  and  a  low  death  rate— as  contrasted 
with  a  nearly  stationary  population  having  both  a  high  birth  rate  and  a  high 
death  rate— is  that  the  number  of  families  in  each  generation  is  very  much 
larger  than  in  the  preceding  generation.  This  situation  has  serious  conse- 
quences for  a  rural  society  with  a  limited  supply  of  arable  land,  because  it 
means  that  the  size  of  farms  for  each  family  greatly  diminishes  from  one 
generation  to  the  next. 

Three  Population  Types  in  Less  Developed  Countries 

We  may  divide  the  less  developed  countries  at  the  present  time  into  three 
groups  on  the  basis  of  their  population  patterns:  (1)  countries  with  both  high 
birth  rates  and  high  death  rates;  (2)  countries  with  high  birth  rates  and  low 
death  rates;  and  (3)  countries  with  intermediate  and  declining  birth  rates  and 
low  death  rates.  The  first  group  consists  of  those  countries,  most  in  Africa 
and  some  in  Asia,  in  which  per  capita  incomes  are  extremely  low  and  the 
process  of  modernization  has  barely  begun.  Probably  only  a  few  hundred 
million  people  are  in  this  group.  Most  of  the  less  developed  countries  in  Asia 
and  Latin  America,  and  some  in  Africa— in  all  containing  nearly  2  biUion 
people— are  in  the  second  group.  The  third  consists  of  a  few  countries  on  the 
fringe  of  Asia  and  in  Latin  America,  in  several  of  which  there  has  been  a 
marked  improvement  in  economic  and  social  conditions  during  the  last  2 
decades. 

In  the  high-birth-rate,  high-death-rate  countries  the  life  expectancy  is 
about  equal  to  that  of  Sweden  in  1800,  but  birth  rates  are  about  50  percent 
higher  and  the  rate  of  population  growth  several  times  as  great  as  in  Sweden 
170  years  ago.  (See  Table  1.)  In  Honduras  and  Taiwan,  which  are,  respec- 
tively, examples  of  the  second  and  third  groups  of  countries,  the  death  rates 
are  lower  than  in  Sweden  in  1966,  because  of  their  very  young  population, 
even  though  their  life  expectancies  are  less  than  the  Swedish.  Birth  rates  are  2 
to  3  times  as  high,  and  rates  of  population  growth  4.5  to  6  times  greater  in 
Taiwan  and  Honduras  than  in  Sweden  today.  There  is  about  one  adult  for 
every  child  under  15  in  all  three  groups  of  less  developed  countries,  in  con- 
trast to  nearly  four  adults  per  child  in  Sweden  in  1966. 

Possible  Future  Increase  in  Rates  of  Population  Growth 

In  the  coming  years  it  is  possible  that  population  growth  rates  in  develop- 
ing areas  will  continue  to  increase,  even  after  declines  in  fertility  rates  begin, 
for  continued  declines  in  mortality  may  more  than  offset  declines  in  fertility 
for  some  time.  World  population  growth  rates  will  continue  to  increase  if 
decreases  in  growth  rates  in  economically  advanced  areas  are  more  than  offset 
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by  acceleration  in  the  less  developed  areas.  Furthermore,  the  advanced  coun- 
tries that  experienced  a  postwar  baby  boom  are  likely  to  undergo  a  rise  in 
birth  rate  during  the  coming  years  as  an  echo-effect  of  the  first  boom,  and 
their  population  growth  rates  may,  therefore,  also  increase. 

Density  and  Developing  Nations 

Density  as  such  is  not  an  indicator  of  overpopulation.  The  density  of 
population  per  unit  of  total  land  area  in  most  less  developed  countries  of  Asia 
is  less  than  the  density  in  western  Europe  and  Japan,  whereas  the  density  in 
the  large  countries  of  Africa  and  Latin  America  is  about  the  same  as  that  in 
such  "empty"  countries  as  the  United  States  and  the  Soviet  Union.  Except 
for  Taiwan  and  Egypt,  which  are  exceptionally  crowded,  the  density  on 
cultivated  land  in  all  less  developed  countries  is  about  the  same  as  in  western 
Europe.  Most  of  the  countries  of  Africa  and  Latin  America  contain  large  areas 
of  arable  but  uncultivated  land,  but  in  Asia  most  land  that  could  be  cultivated 
has  already  been  put  under  the  plow.  Modern  high-yielding  agricultural  tech- 
nology and  fertility  limitation  must  be  introduced  and  expanded  in  these 
Asian  countries  if  diets  are  to  be  improved  or  even  if  all  people  are  to  be  fed 
in  the  future.  (See  Table  2.) 

Urbanization 

From  45  percent  to  90  percent  of  the  populations  of  the  poor  countries 
live  in  rural  areas,  but  the  rate  of  growth  of  cities  in  these  countries  exceeds 
their  overall  rate  of  population  growth.  For  example,  between  1950  and 
1960,  in  twenty-four  countries  with  per  capita  incomes  of  less  than  $250  per 
year,  cities  of  more  than  100,000  inhabitants  grew  60  percent  more  rapidly 
than  the  total  population.  The  average  rate  of  growth  of  these  large  cities  was 
over  4  percent  per  year;  they  were  doubling  in  population  every  17  years.  The 
excess  growth  of  cities  was  due  to  migration  from  the  countryside,  in  part  as 
a  result  of  the  diminishing  size  of  farms  and  the  increasing  difficulties  in 
making  a  living  in  rural  areas.  Although  living  conditions  for  many  migrants  in 
the  cities  are  appallingly  bad,  they  are  probably  better,  from  several  points  of 
view,  than  in  the  villages. 

Desired  and  Actual  Numbers  of  Children 

Sample  surveys  of  both  urban  and  rural  people  in  less  developed  countries 
show  that  a  high  proportion  of  couples  having  four  or  more  living  children  do 
not  want  any  more.  The  best  current  data  strongly  suggest  that,  on  the 
average,  the  number  of  live  births  exceeds  by  one  or  two  children  the  number 
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TABLE  2 


Population  Densities  in  Certain  Developed 
and  Less  Devel«ped  Countries 


Density 

Density  on 

Population 

Total 

Cultivated 

on  Total 

Cultivated 

> 

1965 

Ar«a 

Area 

Area 

Land 

Millions 

Millions 

of  Hectares 

Persons/Hectare 

LESS  DEVELOPED  COUNTRIES 

People's  Republic  of  China 

730 

956 

145 

0.7 

5 

India 

483 

304 

162 

1.6 

y 

Pakistan 

115 

95 

29 

1.2 

4 

Indonesia 

105 

149 

18 

0.7 

5.8 

Philippines 

32 

30 

11 

1.1 

2.9 

Thailand 

31 

51 

10 

0.6 

3.1 

Republic  of  China  (Taiwan) 

12 

3.6 

1 

3.3 

12 

Ceylon 

11 

6.6 

2 

1.7 

5.5 

Ghana 

8 

24 

5 

0.3 

1.6 

Madagascar 

6 

59 

3 

0.1 

2 

Tanzania 

11 

94 

9 

0.1 

1.2 

United  Arab  Republic 

30 

100 

3 

0.3 

10 

Mexico 

41 

197 

11 

0.2 

3.7 

Brazil 

81 

851 

19 

0.1 

4.3 

Colombia 

16 

114 

5 

0.1 

3.2 

DEVELOPED  COUNTRIES 

Soviet  Union 

234 

2240 

230 

0.1 

1 

United  States 

195 

936 

185 

0.2 

1 

Japan 

98 

37 

6 

2.7 

16.3 

France 

49 

55 

21 

0.9 

2.2 

West  Germany 

57 

25 

8 

2.3 

7.1 

United  Kingdom 

54 

24 

7 

2.2 

7.7 

Sources:  (col.  1)  Population  Reference  Bureau  Data  Sheet.  Washington,  D.C.,  Decem- 
ber 1965;  (col.  2)  United  Nations  Demographic  Yearbook,  1965.  New  York,  1966;  (cols. 
3,5)  United  Nations  Food  and  Agricultural  Organization, /VoJMC//on  Yearbook,  Vol.  23, 
1969.  Rome,  1969.  Col.  4  calculated  from  cols.  1  and  2. 


desired.  One  reason  is  probably  the  high  infant  and  child  mortality  in  the  less 
developed  countries.  Out  of  five  or  six  live  births,  the  probabilities  are  high 
that  one  or  two  children  will  die.  For  any  individual  family  there  is  a  large 
degree  of  uncertainty  about  the  survival  of  their  children.  The  excess  children 
over  the  number  desired  can  be  thought  of  as  a  kind  of  insurance  against  this 
uncertainty.  Moreover,  though  infant  and  child  mortalities  have  been  reduced 
in  the  last  few  years,  people  still  remember  the  past  high  death  rates  for 
children.  For  example,  in  the  Matlab  region  in  East  Pakistan,  the  average 
woman  45  years  old  has  given  birth  to  7.6  children;  2.6,  or  34  percent,  of 
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these  children  have  died.  Today  21  percent  die.  Another  important  reason  for 
the  excess  of  live  births  over  the  number  of  desired  children  is  undoubtedly 
the  ineffectiveness,  difficulty,  and  hardship  of  preventing  births  with  the 
methods  now  available  to  the  people  of  the  poor  countries.  This  is  a  powerful 
argument  for  family  planning  programs;  but  even  if  these  programs  were 
completely  successful  in  eliminating  unwanted  births,  the  desired  number  of 
children  in  most  less  developed  countries  is  so  high  that  rapid  population 
growth  would  still  occur. 

What  Governments  Are  Doing 

The  governments  of  developing  countries  are  now  adopting  population 
control  policies  at  a  rate  and  in  a  climate  of  world  approval  unimaginable 
even  a  few  years  ago.  Among  the  nations  that  have  officially  decided  to  foster 
family  planning  are  Ceylon,  People's  Republic  of  China,  Republic  of  China 
(Taiwan),  India,  Indonesia,  Iran,  South  Korea,  Malaysia,  Nepal,  Pakistan,  the 
Philippines,  Singapore,  Thailand,  Turkey,  Ghana,  Kenya,  Mauritius,  Morocco, 
Tunisia,  Egypt,  Puerto  Rico,  Jamaica,  Trinidad  and  Tobago,  and  Fiji.  In  many 
other  countries  at  least  the  beginning  of  governmental  interest  and  support  is 
visible:  for  example.  Hong  Kong,  Dahomey,  Gambia,  Nigeria,  Barbados, 
Chile,  Colombia,  Costa  Rica,  Cuba,  Dominican  Republic,  El  Salvador,  Ecua- 
dor, Honduras,  Nicaragua,  Panama,  and  Venezuela. 

The  role  of  governments  in  reducing  fertility  is  to  exhort,  inform,  and 
provide;  decisions  and  actions  must  be  taken  by  individual  couples  acting  in 
accordance  with  their  perceived  interests.  Even  so,  the  governmental  task  is 
large  and  difficult,  requiring  a  high  degree  of  organization,  adequate  financial 
and  logistic  support,  great  flexibility  in  meeting  changing  conditions,  and 
continuing  objective  evaluation  of  results. 

Only  a  small  proportion  of  people  in  the  less  developed  countries  have 
even  moderately  good  knowledge  of  modern  methods  of  family  planning;  the 
poor  and  the  uneducated  need  to  learn  what  the  well-to-do  and  the  educated 
already  know-that  there  are  a  number  of  safe,  reliable,  and  simple  ways  of 
limiting  one's  family.  Knowledge  of  contraceptive  methods  is  much  rarer  than 
the  desire  not  to  have  more  children. 

Another  task  of  governments  of  developing  countries  is  to  find,  to  learn 
how  to  bring  about,  and  to  help  individual  families  to  recognize  the  changes 
in  living  conditions  that  lower  the  economic,  social,  and  psychic  benefits  and 
increase  the  costs  of  having  more  than  two  or  three  children.  Research  is  also 
needed  to  develop  methods  of  fertility  control  that  are  easier  to  introduce 

*Berclson,  Bernard,  "The  Present  State  of  Family  Planning  Programs,"  Paper  pre- 
sented at  Conference  on  Technological  Change  and  Population  Growth  at  the  California 
Institute  of  Technology,  May  1970. 
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than  the  present  oral  contraceptives  and  mechanical  devices.  Much  of  this 
research  can  be  done  by  the  developed  nations. 

One  by  one,  explicitly  or  implicitly,  governments  are  actively  assisting  or 
deliberately  allowing  the  extension  of  means  and  information  to  facilitate 
planning  of  family  size  by  individual  couples.  For  example,  India  and  Paki- 
stan have  now  deployed  about  one  family  planning  worker  for  every  1,000 
families.  The  U.S.  Government  has  budgeted  first  $3  million,  then  $35  mil- 
lion, and  ultimately  $100  million  in  the  last  few  years  to  contribute  to  the 
extension  of  family  planning  to  those  who  need  and  want  it  in  the  less 
developed  countries.  Similarly,  the  U.S.  Government  budgeted  $24.4  million, 
$55  million,  and  $80.6  million  from  1967  to  1969  for  family  planning, 
research,  and  training  in  the  United  States. 

Foundations  and  international  nongovernmental  organizations  (including 
the  Ford  and  Rockefeller  Foundations,  the  Population  Council,  and  the  Inter- 
national Planned  Parenthood  Federation)  have  been  particularly  instrumental 
in  catalyzing  the  development  of  national  policies  and  programs.  In  many 
countries  in  which  no  explicit  national  population  policies  and  no  overt 
national  population  programs  exist,  there  are  nongovernmental  associations 
demonstrating,  in  both  the  utilization  and  extension  of  family  planning  ser- 
vices, that  family  planning  is  respectable,  beneficial,  and  desirable. 
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III 


The  Consequences  of 
Rapid  Population  Growth 


In  thinking  about  the  consequences  of  rapid  population  growth,  it  is  useful 
to  consider  both  the  kinds  of  effects  and  the  nature  of  the  causes,  whether 
these  be  the  speed  of  growth  itself,  the  underlying  high  birth  rates,  or  popula- 
tion size  and  density.  We  are  also  concerned  with  the  time  spans  over  which 
the  effects  occur,  and  the  scale;  that  is,  whether  we  are  dealing  with  a 
country  or  a  region  as  a  whole,  or  with  the  level  of  the  family,  village, 
community,  or  other  small  social  unit. 

In  the  discussion  that  follows  we  begin  with  the  concern  about  adequacy 
of  resources. 

Resources* 

Public  concern  over  the  adequacy  of  resources  to  meet  the  demands  of  a 
rapidly  growing  population  advances  and  recedes;  it  never  ceases,  and  for 
good  reason.  The  arithmetical  exercise  that  pits  rising  demand  against  a  stock 
of  resources  that,  in  some  ultimate  sense,  is  physically  finite  though  inade- 
quately known,  is  both  easy  to  perform  and,  for  many,  hard  to  resist.  The 
dismal  outcome  is  a  foregone  conclusion,  provided  the  time  horizon  is  suffi- 
ciently extended.  Demand  projections  have  an  apparent  persuasiveness,  even 
when  carried  into  the  distant  future,  that  is  not  matched  by  projections  of 
supply  which  must  be  based  on  conservative  assumptions  if  they  are  not  to 
appear  highly  speculative.  Projections  of  demand  thus  "swamp"  projections 
of  supply,  and  a  crisis  is  predicted  within  easily  specified  time  ranges. 

The  missing  ingredient  in  this  type  of  prognostication  is  the  ability  to 
measure  man's  capacity  to  manipulate  the  kind  and  volume  of  the  resources 
he  uses  (including  his  ability  to  meet  specific  shortages  of  materials,  the  way 
in  which  he  manages  resource  exploitation,  and  his  control  over  his  own 
numbers). 

Providing  for  the  required  resources  seems  overwhelmingly  difficult  when 
we  look  into  the  future,  and  yet,  looking  backward,  we  learn  that  man  seems 

*See  Joseph  L.  Fisher  and  Neal  Potter,  "The  Effects  of  Population  Growth  on  Re- 
source Adequacy  and  Quahty,"  in  Vol.  II  of  this  study. 
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not  to  have  failed,  certainly  not  as  disastrously  as  the  forward  look  often 
presages.  Specifically,  mankind  has  not  "run  out"  of  any  critical  resources. 
Working  through  the  market  and  the  play  of  prices  that  operate  on  both 
demand  and  supply,  costs  of  primary  resources  have  not  risen  relative  to 
other  goods  and  services.  In  many  instances  they  have  fallen,  and  yet  larger 
numbers  of  people  now  not  only  live  longer  but  also  enjoy  higher  standards 
of  living,  however  measured,  than  were  open  to  their  forebears. 

Management  and  Resources 

Not  surprisingly,  the  complexity  of  the  resources  issue  has  given  rise  to 
two  basic  schools  of  thought:  One  is  inclined  to  take  a  very  long  view  and 
doubts  that  technology  can  be  relied  upon  to  help  extend  resources  at  a  pace 
to  stay  abreast  of  population  growth;  the  other  infers  from  the  history  of  the 
past  hundred  years  or  so  that  science  and  technology  can  provide  the  basis  for 
new  discoveries  (e.g.,  ore  bodies,  fuel  deposits)  and  substitutes  (e.g.,  petro- 
chemicals, nuclear  energy)  to  keep  a  step  ahead  of  the  "Malthusian  trap." 
But  not  even  the  most  ardent  adherents  of  the  second  school  argue  that, 
without  reduction  and  ultimate  leveling  off  of  the  rate  of  population  growth, 
the  Malthusian  proposition  can  be  dismissed  (short,  that  is,  of  a  total  re- 
cycling of  all  depletable  materials). 

Neither  of  the  two  approaches  is  as  clear-cut  as  here  stated.  For  example, 
leaving  aside  discoveries  and  substitution,  much  can  be  gained  from  more 
rational  management  of  supplies  of  resources.  The  same  piece  of  soil,  managed 
differently,  can  be  the  basis  for  vastly  differing  rates  of  agricultural  output. 
Identical  deposits  can  be  made  to  yield  greatly  varying  supplies  of  fuel. 
Rational  management  is  a  prime  variable  in  the  sustainable  yield  of  a  given 
stand  of  timber.  And  so  on. 

Though  less  obvious,  management  is  just  as  important  in  affecting  the 
demand  for  resources.  "Wastefulness"  is  usually  identified  with  specific  tech- 
niques or  conditions  associated  with  production  or  output,  but  its  implica- 
tions on  the  demand  side,  though  less  noted,  are  no  less  notable.  Production 
subsidies  that  stimulate  consumption  beyond  the  point  to  which  it  would  be 
carried  if  prices  reflected  true  costs  are  a  common  example. 

More  recently,  a  subtle  but  specific  case  of  subsidization  has  come  to 
plague  the  high  income  countries  particularly.  "Environmental  pollution" 
results,  in  one  of  its  major  manifestations,  from  the  failure  of  prices  to  reflect 
the  social  costs  that  producers  (and  thus  also  consumers)  are  able  to  impose 
on  society  as  a  whole.  Typically  this  pollufion  is  in  the  form  of  liquid  or 
gaseous  effluents,  but  it  can  also  take  other  forms  with  adverse  impacts  on 
the  landscape,  living  things,  or  other  facets  of  the  environment.  These  social 
costs  are  paid  in  a  context  removed  from  their  origins.  When  prices  do  not 
reflect  them,  partially  or  fully,  certain  products  are  in  a  very  real  sense  priced 
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below  their  true  costs,  and  demand  for  them  is  greater  than  it  would  be  under 
conditions  of  full  cost  allocation. 

Finally,  people  are  neither  mechanical  robots  nor  fruit  flies  in  their  repro- 
ductive behavior.  Parents  the  world  over  tend  to  behave  over  their  lifetimes  as 
if  they  were  rational  economic  persons.  Children  entail  costs  and  they  provide 
satisfactions  and  returns.  Parents  tend  to  try  to  have  an  economically  optimal 
number  of  children.  In  poor  countries  one  reason  for  present  high  birth  rates 
is  that,  in  a  very  real  sense,  children  are  the  poor  man's  capital. 

The  Role  of  Population  and  Income  Growth 
in  Resource  Demand 

Aggregate  demand  for  resources  is  the  product  of  per  capita  income  and 
numbers  of  people.  The  relative  roles  of  these  two  factors  differ  over  time, 
between  regions  and  countries,  and  in  their  impact  on  quantity  and  quality 
aspects  of  demands  for  different  resources.  In  countries  characterized  by  high 
income  and  low  or  moderate  population  growth,  the  effect  of  rising  income 
in  most  situations  outweighs  that  of  rising  numbers,  often  substantially,  and 
the  impact  of  high  income  is  greater  on  quality  than  on  quantity.  That  is  to 
say,  despite  rising  population,  these  nations  have  had  only  relatively  transi- 
tory problems  in  procuring  their  material  resources,  by  and  large  at  constant 
cost  and  in  some  instances  even  at  declining  cost. 

Rising  incomes  have  triggered  a  vast  expansion  of  durable  goods  mainly 
powered  by  mechanical  energy,  and  nondurables  designed  to  ease  the  burden 
of  daily  routines.  Their  joint  effect  has  been  not  to  create  material  scarcities, 
as  was  feared  by  some  economists  at  the  turn  of  the  century  and  quite 
generally  in  the  decade  following  World  War  II,  but,  as  the  ecologists  had 
warned,  to  strain  the  capacity  of  the  environment  to  absorb  both  the 
products  that  have  served  their  purpose  and  the  unintended  by-products  or 
residuals  resulting  from  production,  distribution,  and  consumption. 

Income,  rather  than  number,  of  consumers  has  been  the  more  important 
factor  in  producing  pollution.  Analysis  of  historical  data  reveals  that  increases 
in  aggregate  energy  consumption  are  caused  to  the  extent  of  about  two  thirds 
by  rising  per  capita  consumption,  i.e.  income,  and  one  third  by  rising  popula- 
tion; and  this  appears  to  be  as  true  in  high  income  countries  like  the  United 
States  or  the  United  Kingdom  as  in  India  or  other  low  income  countries. 
Especially  striking  is  electricity  generation,  which  is  an  important  source  of 
air  pollution.  In  the  past  30  years  or  so,  10  percent,  at  most,  of  the  growth  of 
electricity  consumption  can  be  attributed  to  population  increase. 

Human  numbers  as  such  have  been  a  potent  factor  in  aggravating  the 
problem  of  maintaining  privacy,  or  simply  elbow  room,  which  for  a  growing 
share  of  the  population  is  harder  to  find.  But  even  here,  income  is  a  factor. 
Rising  per  capita  income,  compounded  by  increased  leisure  time  and  more 
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rapid  transportation  facilities,  has  spread  congestion  from  the  city— where  it  is 
always  present  but  where  larger  and  larger  parts  of  the  population  elect  to 
live— to  the  nonurban  landscape  and  most  notably  to  recreation  areas  such  as 
parks  and  beaches. 

The  situation  so  far  has  been  quite  different  in  less  developed  countries, 
where  food  claims  half  and  more  of  a  family's  expenditure  (surveys  in  India 
put  it  at  60  to  70  percent)  and  the  elasticity  of  the  demand  for  food  is  high. 
Because  of  the  low  levels  of  income  in  developing  countries,  even  relatively 
rapid  increases  in  per  capita  income  have  not  in  the  aggregate  put  much 
pressure  on  nonfood  resources.  Food  is  a  nonpostponable  necessity  of  life  for 
which  there  is  no  substitute,  and  because  it  absorbs  such  a  large  share  of 
family  income,  it  has  always  been  the  most  critical  resource  problem. 

At  the  same  time,  the  rising  demand  for  more  and  better  food,  which 
comes  from  both  increased  numbers  and  rising  income,  has  pressed  hard 
against  land  and  water  resources.  To  the  extent  that  food  becomes  more 
widely  available,  expenditure  patterns  will  change.  Rising  income  will  have 
increasing  impact,  and  attention  will  shift  from  adequacy  of  food,  land,  and 
water  to  other  resources,  and  unless  the  developing  nations  take  extra- 
ordinary care,  pollution  will  accompany  these  changes. 

The  Resource  Future 

From  a  worldwide  view,  divergent  resource  utilization  and  population 
trends  suggest  that,  to  the  end  of  the  century  and  probably  beyond,  there  is 
sufficient  promise  in  technology  to  assure  the  availability  of  resources, 
especially  when  technology  is  assisted  by  management  to  minimize  wasteful- 
ness and  maximize  efficiency.  Even  for  the  short  run,  however,  the  confi- 
dence about  resource  adequacy  in  high  income  countries  cannot  hold  for  the 
poorer  ones.  Given  the  grossly  unequal  geographic  distribution  of  many  re- 
sources, optimism  would  be  justified  only  if  each  country  were  endowed  with 
enough  nonresource-based  earning  capacity  to  obtain  by  trade  what  it  cannot 
obtain  by  production.  Adequate  data  on  which  to  make  such  assessments  are 
not  available,  and  it  is  impossible  to  judge  whether  the  resource  position  of 
each  country  will  be  analogous  to  that  of  the  world  as  a  whole.  The  fragmen- 
tary or  episodic  evidence  that  exists  leads  one  to  believe  that  the  answer  is 
negative.  After  all,  although  trade  fills  the  gap  in  resource  endowment,  each 
country  needs  something  to  trade.  That  "something"  is  in  many  instances  not 
readily  apparent. 

To  illustrate,  Fisher  and  Potter  (see  Volume  II  of  this  report)  speculate  on 
the  magnitude  of  energy  consumption  by  the  end  of  the  century.  By  assum- 
ing a  continuing  rising  10-year  trend  (1955-65),  noncommunist  Asia's  energy 
consumption  could  reach  10  billion  tons  of  coal-equivalent  by  the  year  2000. 
At  that  level  the  area  would  enjoy  a  per  capita  consumption  about  10  percent 
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above  the  level  prevailing  in  western  Europe  in  1965.  But  this  coal-equivalent 
of  energy  is  about  five  times  the  aggregate  consumption  of  North  America  in 
1965,  which  was  associated  with  a  GNP  of  almost  $750  billion.  Assuming  a 
pretty  close  correlation  between  GN?  and  energy  consumption,  the  10  billion 
tons  of  coal  would  be  indicative  of  a  GNP  ranging  between  $3,500  and 
$4,000  billion.  In  1965,  the  GNP  of  noncommunist  Asia  was  $230  biUion; 
thus  the  annual  growth  rate  between  1965  and  2000  would  have  to  be  be- 
tween 8  and  9  percent  to  make  such  a  projection  of  energy  consumption 
believable— a  wholly  unlikely  event. 

World  energy  resources  could,  in  all  likelihood,  meet  even  this  doubtful 
level  of  demand,  but  the  prospective  costs  stagger  the  imagination.  In  finan- 
cial terms,  1965  energy  consumption  was  equivalent  to  almost  $4  biUion  for 
the  Asian  area.  For  the  hypothetical  projecfion  in  2000,  the  bill  would  be 
more  nearly  $100  billion-implying  a  demand  for  foreign  exchange  that  can 
be  produced  only  by  exports  and  tourism.  Thus,  a  reassuring  global,  physical 
outlook  about  resources  (as  Fisher  and  Potter  caution)  requires  one  to  pay 
scant  attention  to  geographic  differences  and  the  ability  to  pay. 

In  speculating  about  resource  adequacy  one  can,  on  the  other  hand,  easily 
be  led  to  a  much  more  pessimistic  view  than  circumstances  suggest.  Ex- 
ceedingly pessimistic  projections  can  be,  and  have  been,  made  by  compound- 
ing projected  world  population  with  current  per  capita  resource  use  in  de- 
veloped countries.  Whereas  this  may  serve  to  highlight  the  outer  limits  of 
conditions  that  could  some  day  prevail,  it  is  well  to  keep  in  mind  that  (a) 
such  a  development  would  occur  only  in  association  with  levels  of  per  capita 
income  now  prevailing  in  high  income  countries  but  which,  as  indicated 
above,  are  unlikely  to  be  reached  for  a  great  many  decades;  and  (b)  there  is 
little  reason  to  believe  that  the  mix  of  materials  in  these  countries  will  in  any 
way  parallel  that  prevailing  in  the  developed  countries.  On  the  contrary,  it  is 
quite  likely,  for  example,  that  developing  countries  will  skip  the  "coal  and 
steel  age"  and  take  off  into  the  chemical,  and  later  into  the  nuclear,  age  at 
much  earlier  stages  of  their  development  than  they  would  if  they  approxi- 
mated the  historical  sequences  of  the  developed  countries. 

The  probability  is  small  that  the  less  developed  countries  will  be  in  any 
way  carbon  copies,  in  their  materials  usage,  of  western  Europe  or  North 
America.  From  this  view,  assessing  the  capacity  of  any  specific  country  or 
area  to  obtain  needed  resources  may  yield  in  time  quite  different  and  perhaps 
more  encouraging  results.  By  implication,  such  considerations  also  put  in  a 
different  light  the  often-voiced  complaint  that  the  high  income  countries, 
most  prominently  the  United  States,  account  for  only  a  small  share  of  the 
world's  population  but  consume  a  major  share  of  annual  raw  materials  pro- 
duction. Apart  from  the  fact  that  such  consumption  represents,  in  foreign 
trade,  a  major  source  of  income  for  the  exporting  countries,  it  is  quite  possi- 
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ble  that  many  resources  will  lose  significance  in  the  future,  particularly  as 
changes  in  relative  prices  influence  the  impetus  toward  substitution.  Finally, 
there  is  every  reason  to  believe  that  the  final  third  of  the  20th  century  will 
witness  a  great  improvement  in  recycling  of  waste  and  thus  depress  the  de- 
mand for  new  material,  as  well  as  open  to  question  the  conventional  supply- 
demand  resource  balances. 

Resources  and  Trade 

The  effects  of  rapid  population  growth  on  postwar  world  trade  have  been 
substantial  and,  on  the  whole,  adverse  to  the  developing  countries.  Among 
these  effects  have  been  steady  erosion  of  exportable  surpluses  (i.e.,  surpluses 
:n  a  market  sense,  not  surpluses  over  amounts  that  would  be  required  to 
provide  satisfactory  levels  of  living  for  everybody  regardless  of  ability  to  pay) 
and  the  transformation  of  many  less  developed  countries  from  large  net  ex- 
porters to  large  net  importers,  especially  of  food. 

This  transformation  was  due  primarily  to  the  fact  that  rising  demands  for 
food  were  not  matched  by  proportionate  increases  in  production.  It  took 
place  not  because  larger  portions  of  domestic  production  went  into  improved 
consumption  levels,  but  because  rapidly  rising  numbers  of  people  had  to  be 
supplied  with  basic  requirements,  with  little  improvement  in  per  capita  quan- 
tity or  quality  of  production.  Unhappily  it  also  coincided  with  the  emergence 
of  competing— generally  man-made— materials  developed  in  the  industrialized 
countries.  There  was  a  reduction  in  the  size  of  export  markets  for  such 
commodities  as  rubber,  fats  and  oil,  fibers,  leather,  etc.;  and  the  potential  for 
substitution  has  by  no  means  been  exhausted. 

The  last  few  years,  however,  have  opened  up  a  different  prospect.  Recent 
advances  in  the  agricultural  performance  of  several  less  developed  countries, 
briefly  mentioned  earlier,  are  altogether  likely— perhaps  by  the  mid- 1970' s— 
to  produce  commercial  surpluses  of  food,  especially  grains.  The  Philippines  is 
the  first  country  to  move  into  this  situation.  Pakistan  hopes  to  join  soon,  as 
do  others.  To  the  extent  that  they  do,  the  immediate  effect— though 
dampened  by  the  outlays  for  fertilizer,  other  chemicals,  machinery,  etc.  re- 
quired to  achieve  the  new  levels  of  output— can  relieve  the  hitherto  adverse 
trade  and  foreign  exchange  situations  of  those  countries  if  donor-nation  aid 
policies  and  competition  are  favorable. 

The  volume  of  future  grain  exports  will  depend  upon  the  extent  to  which 
governments  will  want,  or  be  able,  to  favor  exports  over  domestic  consump- 
tion of  either  grain  or  animal  products.  This  policy  involves  not  only  efforts 
to  supplement  the  purchasing  power  of  the  poor  but  also  an  account  of  the 
effect  of  increasing  urbanization  on  food  demand.  The  expected  effect  of 
urbanization  is  increased  demand  on  the  organized  food  market,  and  eventu- 
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ally  on  the  whole  economy,  through  rising  incomes.  None  of  these  contin- 
gencies, however,  can  obscure  the  principal  new  fact  that  additional  food 
supplies  are  increasing  the  options. 

Whether  the  aspirations  of  the  newly  emerging  exporters  will  run  into 
heavy  competition  in  world  markets,  given  the  large  unexploited  production 
potential  of  traditional  exporters  from  developed  countries,  is  another  un- 
answerable question. 

Economic  Consequences* 

Public  and  professional  attention  to  the  economic  consequences  of  popula- 
tion change  tends  to  cluster  about  two  poles  of  emphasis.  One,  crisis  oriented, 
focuses  on  the  possibility  of  systemwide  disaster;  famine,  depletion  of  natural 
resources,  and  other  ecological  threats  have  been  linked  to  population  growth 
at  least  since  the  time  of  Malthus.  The  second  pole  of  attention  concentrates 
on  the  interrelationships  between  demographic  and  economic  trends. 

The  word  "crisis"  is  often  attached  to  developments  that  are  suddenly 
perceived  but  have  long  been  in  existence.  Conversely,  some  economic- 
demographic  trends  are  not  called  crises  because  they  are  unobtrusive  or 
continuous;  yet  they  may  involve  greater  social  burdens— or  at  least  are  more 
directly  related  to  population— than  do  threats  of  "breakdown."  For 
example,  the  social  and  economic  costs  from  impaired  maternal  and  child 
health  resulting  from  high  fertility  may  outweigh  in  welfare  terms  any  prob- 
able threat  of  starvation  or  ecological  collapse. 

In  analyzing  the  economic  effects  of  population  growth,  it  is  important  to 
distinguish  between  developed  countries  and  much  less  developed  countries. 
A  minimum  distinction  in  economic-geographic  terms  would  separate  most  of 
Europe,  the  United  States,  Canada,  Oceania,  Japan,  and  a  very  few  other 
countries  from  most  of  Latin  America,  Asia,  and  Africa,  although  a  number 
of  European-settled  economies  and  subeconomies  in  these  latter  three  regions 
may  be  classed  as  developed.  With  few  exceptions,  the  developed  nations  are 
characterized  by  relatively  long  (50  years  or  more)  histories  of  development, 
high  incomes  (with  recent  per  capita  gross  national  products,  or  GNP's,  of 
about  $1,000  as  a  crude  but  helpful  dividing  mark),  and  low  fertility  (birth 
rates  of  below  20  to  25  per  1 ,000  as  an  upper  boundary). 

The  less  developed  regions,  by  contrast,  have  v^th  few  exceptions  brief 
histories  of  development;  current  per  capita  incomes  in  the  $100-$600  range 
(most  being  under  $400  and  those  between  $600  and  $1 ,000  being  more  akin 
to  newly  developing  areas  than  to  developed  areas  in  terms  of  basic  economic 
structure  and  other  indicators  of  modernization);  and  birth  rates  well  above 

*See  the  chapters  in  Vol.  II  of  this  study  by  Paul  Demeny,  Dudley  Kirk,  Harvey 
Leibenstein,  T.  Paul  Schultz,  and  Theodore  W.  Schultz. 
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30  per  1 ,000  and  commonly  more  than  40  per  1 ,000,  A'hich  are  more  than 
double  that  of  the  developed  regions. 

In  the  less  developed  countries,  and  particularly  in  their  predominant 
agrarian  sectors,  the  main  economic  effects  of  rapid  population  growth  are  on 
supply;  productive  capabilities  and  capacities  are  more  limited  and  population 
growth  rates  are  very  high.  In  the  developed  countries,  with  their  moderately 
fluctuating  demographic  factors  and  high  productive  potential,  the  main  ef- 
fects of  demographic  changes  are  on  demand;  the  main  question  usually  is 
whether  productive  capacity  will  be  utilized  rather  than  whether  it  is  large 
enough. 

Food-  The  Crisis  That  Has  Not  Materialized 

In  the  developed  regions,  the  impact  of  population  growth  on  food  supply 
needs  has  been  limited  for  many  decades  and  promises  to  continue  on  a 
"non-crisis"  path  indefinitely  into  the  future.  In  contrast  to  the  developing 
regions,  the  main  elements  are  moderate  to  low  rates  of  population  growth, 
high  and  rising  domestic  food  production  capacities,  adequate  and  expanding 
capabilities  for  obtaining  food  imports  as  needed,  and  the  fact  that  food 
consumption  varies  much  less  than  proportionately  with  per  capita  income. 
Furthermore,  rates  of  population  change  in  developed  countries  have  gen- 
erally been  declining  for  over  a  decade  and  long-term  declines  in  the  future 
seem  more  likely  than  increases. 

In  the  less  developed  regions,  on  the  other  hand,  the  need  for  cautious  or 
even  ambiguous  forecasts  has  been  demonstrated  vividly  in  recent  years.  Fears 
of  massive  famine  or  at  least  growing  threats  of  spreading  starvation,  ex- 
pressed by  numerous  competent  observers  until  very  recently,  have  been 
abruptly  succeeded  by  a  largely  contrary,  equally  substantial,  and  informed 
consensus. 

Given  all  due  precautions,  the  record  and  the  main  overall  prospects  are 
noteworthy,  even  startling.  Widespread  famine  that  could  reasonably  be 
attributed  to  economic  incapability  has  not  been  observed  in  any  of  the  less 
developed  regions  for  decades.  Fear  of  famine  reached  a  peak  in  the  mid- 
1960's,  largely  as  a  result  of  crop  failure  in  parts  of  Asia  coupled  with 
dwindling  international  food  reserves.  These  fears  have  been  allayed  by  the 
elimination  of  recent  shortages  and  the  prospects  for  a  long-run  sharp  upward 
trend  in  output  of  food  grains. 

The  change  in  expert  opinion  seems  to  have  stemmed  from  the  agricultural 
turnabout  in  India,  where  2  years  of  severe  droughts  have  been  suddenly 
followed  by  what  many  informed  observers  regard  as  a  confirmed  "Green 
Revolution." 

Previous  declines  in  international  food  reserves  have  been  superseded  by 
very  large  and  rapid  build-up  of  surpluses,  which  in  any  event  have  always 
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been  mainly  a  matter  of  policy  in  the  high  income  areas  and  not  of  resource 
limitations  as  such.  In  the  less  developed  countries,  despite  their  very  differ- 
ent basic  resource  position,  agricultural  policy  has  been  reassessed  as  a  prime 
mover  of  modernization  and  expanding  output,  which  governments  can 
manipulate  at  their  option.  Agricultural  research  and  development  have  been 
encouraged  and  subsidized.  Price  incentives  have  helped  to  accelerate  techni- 
cal innovation  and  increased  production  by  cultivators.  Public  poUcy  has 
assigned  higher  priorities  to  providing  irrigation  water,  new  varieties  of  seed, 
and  fertilizer.  As  a  result,  a  trend  toward  food  self-sufficiency  is  observed  in  a 
growing  number  of  low  income  countries  that  previously  were  dependent  on 
imports.  In  the  opinion  of  many  today,  the  world's  food  supply  prospects 
have  taken  a  radical  turn  for  the  better,  at  least  for  the  next  decade  or  two. 
Indeed,  attention  is  now  directed  at  problems  of  agricultural  surplus.  There 
are  fears  that  export  earnings  will  decrease  as  previously  importing  areas 
become  more,  or  entirely,  self-sufficient;  that  increased  output  in  modem 
agrarian  sectors  will  further  depress  the  subsistence  sectors  by  forcing  down 
prices;  and  that  increased  landlessness  and  other  "push"  forces  operating  in 
the  countryside  will  add  to  the  already  enormous  social  and  economic  costs 
of  accommodating  the  flow  of  people  to  urban  areas. 

In  short,  fears  of  food  supply  disasters  in  the  less  developed  countries  seem 
less  sustainable  today  than  at  perhaps  any  time  in  the  last  25  years.  Quite 
apart  from  the  dramatic  nature  of  the  recent  turnabout  in  the  world  food- 
population  picture,  the  avoidance  of  any  major  disaster  from  economic  causes 
would  be  noteworthy  on  other  grounds.  For  one,  it  has  been  achieved  in  the 
face  of  unprecedentedly  steep,  and  still  rising,  rates  of  population  growth,  in- 
volving rates  and  numbers  today  which  are  something  like  double  or  more 
those  encountered  in  the  less  developed  countries  only  30  to  40  years  ago. 
Although  trends  in  food  consumption  per  capita  are  too  poorly  documented 
to  permit  generalization  for  any  su^  stantial  part  of  the  less  developed  coun- 
tries, such  data  as  there  are  on  calorie  and  protein  intake  suggest  that  in- 
creases since  the  1930's  have  not  been  uncommon,  though  with  a  number  of 
important  exceptions  and  with  many  more  instances  of  shorter-run  fluctua- 
tions or  declines  since  the  1950's. 

Whatever  the  actual  facts  in  the  documented  cases  and  the  many  more 
undocumented  ones,  the  trends  in  food  consumption  have  clearly  not  im- 
peded remarkable  gains  in  longevity  and  disease  control.  (That  they  have  been 
causes  of  such  gains  in  any  significant  degree  seems  doubtful  in  most  in- 
stances.) Death  rates  have  fallen  and  life  expectancy  has  risen  spectacularly 
throughout  nearly  all  Latin  America  and  Asia  and  many  parts  of  Africa— 
often  at  rates  of  change  with  no  precedent  in  the  recorded  annals  of  the 
developed  regions. 

Despite  the  prevalence  of  high  rural  population  density  in  many  less 
developed  countries,  their  trends  in  agricultural  output  have  been  remarkably 
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resistant  to  the  adverse  impacts  of  added  numbers.  For  the  less  developed 
regions  as  a  whole,  growth  rates  of  output  between  the  mid-1 950's  and  mid- 
1960's  (i.e.,  before  the  Green  Revolution)  averaged  between  2.5  and  3  per- 
cent per  annum,  a  respectable  level  both  by  historical  standards  and  the 
contemporary  performance  in  developed  regions.  Nor  has  this  been  a  recent 
or  anomalous  occurrence.  Between  the  1930's  and  1950's,  growth  in  food 
output  within  the  less  developed  regions  was  again  impressive  by  both  histori- 
cal and  comparative  guideUnes,  though,  of  course,  it  was  accompanied  by 
slower  rates  of  population  growth  and  less  pressure  on  the  agrarian  sector. 

Negative  Effects  of  Rapid  Population  Growth.  However,  if  we  view  the 
world  food  picture  in  terms  of  reciprocal  effects  of  economic  and  demo- 
graphic trends— granted  that  neither  crisis  nor  disaster  seems  likely— a  very 
different  outlook  emerges.  Per  capita  food  production  in  the  less  developed 
countries  remained  practically  unchanged  between  the  mid-1 950's  and  mid- 
1960's  in  spite  of  substantial  increases  in  total  output.  In  the  developed 
regions,  on  the  other  hand,  per  capita  output  increased  significantly.  Analysis 
of  the  actual  output  trends  in  the  less  developed  countries  shows  that  per 
capita  production  could  have  been  approximately  one  sixth  higher  than  was 
actually  the  case  for  1965,  had  their  population  growth  rates  been  those  of 
the  developed  regions. 

The  less  developed  countries'  output  growth  rates,  despite  their  impres- 
sive level,  came  to  only  about  two  thirds  or  three  fourths  of  the  United 
Nations  Food  and  Agricultural  Organization  Indicative  World  Plan  objec- 
tives, and  the  entire  amount  of  the  shortfall  could  have  been  overcome  by 
no  more  than  a  limited  downtrend  in  fertility  from  traditional  toward  more 
modern  levels-for  example,  from  the  present  average  of  some  40  per  1,000 
to  25  or  30  per  1 ,000. 

Agricultural  performance  in  the  less  developed  countries  continues  to  be 
highly  subject  to  the  vagaries  of  climate  and  weather.  Sudden  drops  in  food 
supply,  which  are  usually  accompanied  by  falling  effective  demand  in  the 
farm  sector,  reduced  domestic  saving,  and  worsened  balance  of  payments,  can 
spell  the  difference  between  substantial  growth  and  stagnation  in  whole  econ- 
omies. New  technology  has  partly  countervailed  the  wind  and  weather,  but 
the  vulnerability  of  most  less  developed  countries  to  such  "exogenous"  fac- 
tors has  not  yet  been  significantly  reduced,  even  where,  as  in  India,  the 
probability  of  longer-run  agricultural  progress  seems  substantial. 

The  main  effects  of  agricultural  transformation  in  the  less  developed  coun- 
tries could  be  relatively  sudden  spurts  in  output  rather  than  a  permanent 
upkink  in  trend  from,  for  example,  the  recent  2  to  3  percent  increase  per  year 
to  a  4  to  5  percent  annual  increase  persisting  indefinitely  into  the  future. 
Should  this  happen,  continued  population  growth  at  current  rates  could,  even 
if  temporarily  exceeded  by  output  advances,  again  begin  to  dominate  the 
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food-population  balance— and  negatively— in  the  longer  run.  Rapid  population 
growth  could  threaten  the  adequacy  of  the  food  supply  after  a  period,  say,  by 
1980  or  1990. 

At  the  least,  there  has  now  begun  a  period  of  perhaps  2  decades  during 
which  providing  a  country's  minimum  food  requirements  will  not  necessarily 
have  the  attributes  of  a  daily  crisis.  But  what  is  possible  is  by  no  means 
assured.  Success  with  the  new  varieties  depends  on  the  ability  of  farmers  to 
obtain  irrigation  water,  fertilizers,  pesticides,  seeds,  farm  tools,  and  eventually 
machinery,  transportation,  storage,  and  new  knowledge.  To  be  able  to  make 
the  necessary  purchases,  farmers  will  have  to  sell  a  fraction  of  their  crops. 
This  presupposes  either  considerable  growth  in  domestic  incomes,  especially 
outside  the  agricultural  sector— i.e.,  overall  economic  development— or  the 
availability  of  export  markets. 

For  food  supplies  in  the  long  run,  only  the  first  alternative  seems  signif- 
icant for  the  developing  countries  in  general.  A  scramble  among  newly  ex- 
port-oriented producers  to  supply  the  needs  of  similarly  situated  and  moti- 
vated countries  is  not  likely  to  bring  rewards  to  all.  Nor,  on  the  other  hand,  is 
encroachment  upon  the  markets  of  the  traditional  grain  exporters  of  the 
world,  domestic  or  foreign,  a  likely  prospect;  and  the  markets  for  specialized 
agricultural  exports— sugar,  coffee,  tea,  rubber,  bananas,  cocoa,  jute,  and  simi- 
lar products— from  the  poor  countries  to  the  rich  hold  out  few  prospects  of 
sufficient  growth.  Some  may  even  decline,  particularly  when  they  are  vulner- 
able to  substitution.  In  summary,  although  the  technology  is  at  hand  for  a 
large  increase  in  agricultural  production  and  farmers  have  demonstrated  their 
capacity  for  adopting  it,  there  is  a  serious  question  whether  the  necessary 
economic  conditions  to  sustain  this  trend  may  be  attained  or  sustained,  quite 
apart  from  troublesome  social  and  political  by-produtts  the  trend  may 
create— in  human  resources,  social  stability,  and  effects  on  the  environment. 

Increased  agricultural  productivity  eventually  results  in  lower  food  prices, 
to  the  benefit  of  consumers.  Over  any  decade,  however,  a  consumer  surplus 
necessarily  becomes  smaller  per  consumer  when  it  is  distributed  among  the 
rapidly  increasing  numbers  of  consumers  produced  by  rapid  population  growth. 

There  are  also  questions  concerning  whether  incomes  will  rise  fast 
enough  to  absorb  rapidly  rising  farm  output,  either  directly  or  in  the  form  of 
livestock  products;  whether  the  lower  prices  needed  for  market-clearing  will 
tend  to  discourage  the  innovators;  whether  new  government  taxes  on  inputs 
or  income  will  dampen  enthusiasm;  or  whether  sufficient  funds  will  be  avail- 
able to  continue  the  expansion  of  irrigated  areas. 

Some  observers  have  conjectured  that  the  capital  investments  for  the  eco- 
nomic development  that  must  occur  to  sustain  the  agricultural  transforma- 
tion, both  for  needed  inputs  and  markets,  will  require  much  larger  capital 
inflows   in   the   future.  The  Pearson  Committee,*  for  example,  advocates 

*See  Partners  in  Development,  Report  of  the  Commission  on  International  Develop- 
ment, Chairman:  Lester  B.  Pearson.  New  York:  Praeger,  1969.  pp.  143-148. 


491 


raising  the  rate  of  growth  of  economic  development  to  6  percent  by  1975  and 
judges  that  this  will  require  a  flow  of  external  resources  equal  to  1  percent  of 
the  GNP's  of  the  rich  countries-nearly  a  doubling  of  current  aid.  Although 
the  1  percent  "target"  may  seem  an  arbitary  notion  chosen  for  its  simplicity, 
the  Pearson  Committee  reports  that,  according  to  studies  now  being  con- 
ducted by  a  U.N.  committee,  the  amounts  thus  transferred  would  not  be 
inconsistent  with  what  miglit  be  called  "requirements"  in  the  less  developed 
countries.  It  is  clear  that  continuation  of  recent  rates  of  population  growth  is 
likely  to  shape  internal  needs  in  the  poor  countries  in  ways  that  will  postpone 
desirable  changes  in  trade,  consumption,  and  investment  patterns. 

Agricultural  transformations  in  the  less  developed  countries  not  only  af- 
fect food  production  and  consumption  but  also  will  profoundly  affect  the 
distribution  of  overall  income  and  assets.  Land-tenure  patterns,  distributions 
of  agrarian  incomes  and  farm  holdings  by  size,  and  rates  of  rural-urban  migra- 
tion are  likely  to  be  significantly  modified.  In  all  these  respects,  rapid  popula- 
tion growth  seems  certain  to  increase  the  number  of  landless,  subsistence,  or 
disadvantaged  peasantry  and  to  raise  the  administrative  burdens  and  social 
costs  of  absorbing  urban  arrivals.  Conversely,  a  slower  population  growth 
could  lessen  the  severity  of  these  effects,  once  its  cumulative  influence  on 
numbers  began  to  take  effect. 

Economymde  Effects  of  Rapid  Population  Growth 

A  macro  view  of  demographic-economic  interactions  in  the  less  developed 
countries,  using  overall  income  aggregates  rather  than  food  proper,  leads  to 
remarkably  similar  judgments.  Unprecedented  and  still  accelerating  popula- 
tion growth  has  not  prevented  very  rapid  economic  advance.  Population 
grov/th,  though  not  a  negligible  block  to  development  and  modernization,  has 
also  not  been  an  overriding  factor. 

Increases  in  GNP  during  the  1950's  and  again  in  the  1960's  were  at  rates 
which  have  just  about  matched  the  contemporary  rates  in  the  developed 
regions;  they  accelerated  between  the  two  decades,  and  they  ranged  well 
beyond  the  magnitudes  recorded  for  the  industrializing  nations  of  the  19th 
century.  Although  much  of  the  information  about  individual  nations  is  sub- 
ject to  error,  it  would  be  surprising  if  the  correct  facts,  were  they  known, 
would  overturn  the  broad  conclusions.  By  both  comparative  and  historical 
standards,  economic  growth  in  less  developed  countries  has  been  remarkably 
rapid,  despite  record  population  growth  and  its  anticipated  handicaps  to 
development  through  reduced  savings  potentials,  increased  consumption 
needs,  added  imports  and  reduced  supplies  of  foreign  exchange,  or  lagging 
investment  per  unit  of  labor. 

Among  individual  less  developed  countries,  moreover,  the  relation  between 
income  (gross  domestic  product)  and  rates  of  population  growth  has  been  low 
during  the  1950's  and  again  in  the  1960's.  The  statistical  relations  are,  if 
anything,  positive  in  each  case. 
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Much  the  same  patterns  have  held  for  the  developed  economies  during  the 
postwar  decades.  Here,  however,  one  would  expect  population  growth  to 
have  a  positive  impact  on  economic  growth,  since  growth  in  the  developed 
countries  increases  demand  under  conditions  of  high  productive  capacity. 

To  summarize,  recent  differential  rates  of  change  in  productive  per- 
formance have  not  been  obviously  related  empirically  to  rates  of  population 
growth,  in  either  the  developed  or  less  developed  regions.  Moreover,  since  the 
rates  of  output  growth  have  been  very  similar  in  both  regions  over  the  last  20 
years,  the  correlation  is  again  essentially  zero  when  the  two  kinds  of 
ecorwmies  are  considered  in  combination. 

What  the  data  show  is  that  population  growth  has  not  been  sufficient 
either  to  force  economic  stagnation  or  to  dominate  empirical  comparisons. 
However,  when  the  specific  causal  interrelations  involved  are  viewed  directly, 
it  appears  clear  that  rapid  population  growth  in  the  less  developed  countries 
has  been  a  decided  obstacle  rather  than  an  aid  to  economic  growth  and  that 
the  more  rapid  the  rise  in  numbers,  the  greater  the  deterrent  effects. 

Urbanization.  At  subnational  levels,  such  as  individual  urban  or  regional 
areas,  the  cumulative  impacts  from  population  change  may  work  far  more 
rapidly  and  have  much  greater  relative  importance.  However,  clear-cut  dem- 
onstration of  the  welfare  and  policy  implications  of  subnational  populafion 
movements  has  been  impeded  in  the  past  by  other  kinds  of  difficulties.  No 
well-defined  order  of  social  priorities  surrounds  population  settlement  and 
distribution.  The  desirability  of  reduced  versus  constant  fertility,  or  of 
sharper  versus  more  gradual  decline,  would  hardly  seem  cause  for  controversy 
in  the  less  developed  countries.  However,  the  merits  of  slower  as  against 
speedier  urbanization  become  murky  when  their  counterpart  phenomena  of 
greater  as  opposed  to  lesser  rural  increase  are  also  considered.  Excessive  urban 
build-up  and  agrarian  overpopulation  tend  to  be  simultaneous  phenomena  in 
most  less  developed  countries  and  no  "lesser  of  two  evils"  theory  has  been 
developed  to  compare  adequately,  much  less  help  choose  between,  the  policy 
options  they  represent.  Nor  is  there  a  more  encompassing  methodology  at 
hand  for  dealing  with  entire  systems  of  settlement,  in  which  towns,  villages, 
and  secondary-size  cities,  in  addition  to  rural  areas  and  primary  cities,  would 
be  evaluated  as  alternative  residences.  Some  further  consideration  of  this 
complex  of  questions  is  attempted  in  other  sections  of  this  volume. 

Macro  Gains  from  Lowered  Fertility 

The  similar  output  expansion  rates  in  the  developed  and  less  developed 
regions  since  about  1950,  coupled  with  their  very  different  population 
growth  rates,  have  produced  a  persistently  widening  gap  in  their  average  per 
capita  incomes.  It  is  true,  and  should  be  emphasized,  that  the  recent  rates  of 
per  capita  product  growth  in  the  less  developed  countries  have  not  been  small 
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when  viewed  historically.  However,  it  is  also  clear  that  the  continued  high 
fertihty  in  those  countries  has  represented  a  costly  lost  opportunity  for 
raising  levels  of  living  at  rates  consistent  with  remarkably  effective  productive 
performance.  If  the  less  developed  regions  could  raise  their  current  per  capita 
income  growth  rates  by  one  third,  it  would  reduce  their  per  capita  income 
doubling  time  from  somewhat  over  25  years  to  18  years.  Under  current 
circumstances  this  could  be  accomplished  entirely  through  a  fall  of  the 
average  birth  rate  in  the  less  developed  regions  from  their  roughly  40  per 
1,000  level  to  30  per  1,000,  a  25  percent  shift,  which,  in  addition  to  its 
income  effects,  could  have  perhaps  equally  large  family-welfare  effects  not 
captured  by  conventional  income  measures. 

A  larger  decline  in  birth  rates,  down  to  the  level  of  the  developed 
regions— less  than  20  per  1,000— would  raise  the  stakes  commensurately,  again 
quite  apart  from  food  crises  or  other  resources-disaster  possibilities. 

These  comparative  statistical  judgments  are,  of  course,  essentially  empiri- 
cal and  short-run.  Whether  they  reflect  stable  long-run  causal  relations 
is  at  least  highly  problematic  (though  a  number  of  specific  case  studies  have 
suggested  similar  effects  from  commensurately  large  shifts  in  fertility).  Much 
existing  theory  in  this  area— for  example  the  classical  "laws"  of  diminishing 
returns— has  been  irredeemably  qualitative  or  deductive;  practically  none, 
including  standard  capital-output  approaches,  has  been  modeled  sufficiently 
for  statistical  application  and  testing.  Among  the  very  Umited  numbers  of 
statistically  operational  models  that  have  been  put  forth,  there  are  marked 
tendencies  to  utilize  essentially  the  same— though  untested— structural 
relations  and  to  specify  key  parameters  more  nearly  through  crude  empirical 
analogies  with  developed  areas  than  by  direct  estimation.  Such  models 
probably  overstate  the  influence  of  demographic  factors  affecting  real  savings 
and  investment  and  understate  such  relatively  "population  independent" 
factors  as  exports  and  industrial  development  programs.  Existing  theory  also 
understates  the  role  of  productive  and  distributive  innovations  and  changing 
quality  of  work  force,  including  the  entrepreneurial  sectors. 

The  magnitude  of  the  macro  gains  to  be  expected  in  the  low  income 
countries  from  reduced  fertility  and  slowing  population  growth  over  longer 
periods  than  a  very  few  decades  is  probably  impossible  to  determine  reliably 
with  present  tools  of  analysis.  What  is  needed  are  models  that  are  predictively 
potent,  yet  can  encompass  the  long  lead  times  required  before  significant  or 
even  visible  economic  impacts  can  be  traced  to  altered  fertility  trends.  As- 
suming, for  example,  a  sudden  25  percent  decline  in  fertility,  total  personal 
consumption  would  not  vary  greatly  in  much  less  than  15  years  (especially 
when  the  smaller  consumption  needs  of  children  compared  with  those  of 
adults  are  taken  into  account);  educational  and  related  collective  consump- 
tion needs  would  stay  largely  unchanged  for  the  better  part  of  a  decade,  and 
neither  labor-force  size  nor  numbers  of  households  would  be  substantially 
modified  for  something  like  20  years. 
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Whether  fertiHty  in  the  less  developed  countries  continues  at  current  levels 
or  declines  drastically,  the  expected  numbers  in  the  15  to  65  age  group— the 
main  labor-force  ages— would  be  practically  unchanged  for  15  years  and  the 
rate  of  increase  would  vary  only  by  about  5  percentage  points  over  20  years. 
For  the  main  school-going  ages  of  5  to  15,  a  5  percentage  point  effect  after 
10  years  compares  with  one  of  well  over  25  points  in  20  years,  with  very 
similar  orders  of  effect  for  total  population,  hence  consumers,  over  these 
same  time  spans. 

Persuasive  explanatory  or  predictive  models  for  dealing  with  demo- 
graphic-economic interactions  during  or  beyond  such  prolonged  time  inter- 
vals have  not  been  devised. 

In  developed  areas,  fluctuations  in  fertility,  rather  than  sustained  levels  or 
trends,  have  been  predominant  determinants  of  population  growth  rates 
during  recent  decades.  The  main  impacts  of  such  fluctuations  often  have  been 
upon  short-term  aggregate  demand  rather  than  upon  long-term  supply.  Here 
too,  however,  nondemographic  factors-for  example,  employment  policy,  in- 
vestment propensities,  and  foreign  trade— have  been  important  enough  to 
command  greater  attention  from  policymakers  and  analysts.  As  in  the  less 
developed  countries,  the  macro-economic  effects  of  demographic  trends  typi- 
cally require  longer  time  intervals  to  acquire  sufficient  causal  significance 
than  do  many  of  the  main  nondemographic  variables. 

These  comments  help  explain  why  attention  to  "population  problems"  has 
been  so  largely  of  a  "crisis"  variety,  in  both  the  developed  and  less  developed 
regions.  A  further  and  more  serious  possibility  is  that  adverse  effects  of  rapid 
population  growth  on  economic  factors  are  likely  to  be  understated  or  dis- 
counted, as  compared  to  nondemographic  factors.  Whether  or  not  such  im- 
pacts are  fully  discoverable,  even  in  principle,  their  presumptive  longer-run 
magnitudes  and  probabilities  are  nevertheless  sufficiently  established  to  ac- 
cord them  a  high  priority,  once  the  relevant,  and  distinctive,  time  spans 
surrounding  their  operation  are  given  their  due  weight. 

Research  over  the  past  2  decades  on  the  relations  between  long-term 
trends  in  production  and  traditional  factor  inputs  (land,  labor,  and  capital) 
suggests  that  these  factor  inputs  have  accounted  for  surprisingly  small  parts  of 
the  observed  growth  in  output.  After  allowances  are  made  for  changing 
amounts  of  labor  and  capital  (including  land),  well  over  half  of  such  increases 
in  output  in  a  number  of  countries  have  been  identified  as  "residual,"  i.e., 
statistically  unexplained.  The  inference  is  that  other  factors,  in  particular 
improvements  in  the  quality  of  the  labor  force  and  general  technological 
change,  have  been  the  foremost  determinants  of  economic  growth  in  modern 
industrial  history. 

This  line  of  reasoning  could  have  important  implications  for  understanding 
demographic-economic  interrelations.  It  would  relegate  to  a  much  more 
secondary  position  the  role  of  diminishing  returns;  it  would  not  expect  the 
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adverse  impact  from  rapid  growth  (of  both  total  population  and  the  labor 
force)  to  work  mainly  through  adverse  shifts  in  factor  proportions  (ratios  of 
capital  and  other  nonlabor  factors  to  labor  inputs).  Adverse  effects  of  rapid 
population  growth  are  more  likely  to  arise  from  the  impact  of  growth  on  the 
"residual"  processes  themselves— for  example,  through  significantly  reduced 
opportunities  for  raising  levels  of  education,  health,  and  other  human- 
resource-developing  programs. 

Population  Growth  and  Technology 

Modern  technology  has  increasingly  been  directed  toward  doing  better  or 
more  cheaply  or  in  a  greater  variety  of  ways  those  things  that  most  people  in 
tne  poorer  countries  cannot  afford  to  do  at  all.  A  quick  review  of  ten  or 
twenty  major  innovations  of  the  past  2  or  3  decades  will  confirm  this  seem- 
ingly sweeping  generalization.  Thus,  until  recently  much  new  technology  has 
had  only  limited  relevance  to  the  problems  of  less  developed  countries  and,  in 
a  number  of  instances,  has  even  affected  them  adversely.  The  "Green  Revolu- 
tion" is  a  recent  and  major  departure. 

This  does  not  mean  that  technology  cannot  be  or  has  not  been  imported 
from  the  richer  countries.  Indian  steel  mills,  Brazilian  petrochemical  plants, 
and  synthetic  fertilizer  plants  around  the  globe  are  very  important  examples. 
The  question  is  whether  rapid  population  growth  has  impeded  native  develop- 
ment, importation,  or  adaptation  of  technology.  Evidence  on  this  point  is 
scarce,  perhaps  because  traditional  analysis  has  focused  on  the  availability  of 
capital. 

It  has  been  argued  that  in  the  obverse  situation— i.e.,  relatively  scarce  labor 
vis-a-vis  land  and  capital-a  pressure  for  technology  develops  to  substitute  for 
manpower,  and  that  the  emergence  of  technology  in  the  early  history  of  the 
United  States  was  a  response  to  such  a  situation.  To  the  extent  that  this  is 
true,  it  is  a  historical  circumstance  that  will  not  coincide  with  the  special 
requirements  of  the  less  developed  countries,  because  the  heavy  emphasis  on 
labor-saving  in  modern  technology-including  agriculture-does  not  meet  the 
needs  of  countries  with  surplus  labor  or  underemployment. 

It  can  also  be  argued  that  there  are  a  number  of  ways  in  which  population 
growth  has  indirectly  been  a  factor  in  retarding  technology,  though  again 
evidence  is  not  at  hand.  First,  given  the  priority  of  food  in  the  consumer 
budget,  new  technology  has  been  most  urgently  needed  in  agriculture.  The 
basic  scientific  principles  that  could  generally  be  applied  have  long  been 
available,  but,  to  be  successful,  new  agricultural  technology  requires  the  coop- 
eration of  a  large,  widely  dispersed,  unorganized  mass  of  small  producers  who 
must  be  reached  and  reoriented.  This  requires  time,  programs,  policies,  organ- 
ization, division  of  labor,  and  a  market  economy,  all  of  which  are  scarce  in  a 
developing  country. 
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In  addition,  natural  environments  differ  sufficiently  to  make  straightfor- 
ward technological  transfers  in  agriculture  difficult,  if  not  impossible. 
Finally,  until  a  few  years  ago,  governments  in  less  developed  countries 
showed  little  enthusiasm  for  promoting  improvements  and  investing  funds  in 
agricultural  productivity.  Instead,  in  an  effort  to  diversify  and  develop  in  the 
image  of  the  industrialized  countries,  they  gave  preference  to  those  segments 
of  the  economy  that  are  most  characteristic  of  modernity.  But  the  inescap- 
able primacy  of  agriculture,  rooted  in  the  need  to  feed  rapidly  growing  popu- 
lations, has  been  a  brake  on  the  progress  of  industrial  technology,  native  or 
imported.  Neglecting  agriculture  forced  increasing  diversion  of  resources  to 
the  importation  of  food.  Both  the  failure  of  the  governments  of  developing 
countries  to  establish  technological  priorities  that  conform  to  needs  and  the 
failure  of  developed  countries  to  offer  attractive  alternatives  prevented  the 
expected  gains  of  modern  technology  from  materializing. 

By  holding  down  per  capita  income  growth,  population  growth  has  con- 
strained significant  increases  in  the  demand  for  nonagricultural  goods  and  for 
services  that  could  more  readily  have  been  supplied  with  the  adoption  of 
foreign  technology.  This  consideration  must  be  tempered,  however,  by  the 
recognition  that  prevailing  low  per  capita  income  levels  themselves  constitute 
a  serious  impediment.  To  rise  from  a  national  per  capita  income  of,  say,  $100 
per  year  to  levels  that  can  and  do  support  a  large  number  and  variety  of  goods 
and  services,  such  as  those  of  the  United  States  or  western  Europe,  would— 
even  at  an  annual  per  capita  income  growth  rate  of  3  percent— take  almost 
100  years. 

A  further  adverse  circumstance  has  been  that  nonagricultural,  industrial 
raw  materials  (e.g.,  ores,  fuels)  from  low  income  countries  have  been  pri- 
marily destined  for  foreign  markets.  Exported  prior  to  processing,  they  call 
mainly  for  unskilled  labor.  Low  wage  rates  have  kept  the  need  for  new  tech- 
nology from  becoming  a  pressing  matter.  Moreover,  these  sectors  of  produc- 
tion in  less  developed  countries  have  tended  to  be  relatively  insulated  from 
the  rest  of  their  national  economies,  so  that  whatever  new  production  tech- 
nology develops  does  not  easily  spill  over  into  the  economy  generally,  a 
circumstance  that  is  equally  true  for  the  plantation-type,  export-oriented 
segments  of  agriculture.  These  "dual  economies"-for  example,  in  prewar 
Indonesia— have  been  extensively  discussed  in  development  literature. 

Individuals  and  Households- Micro  Effects 

In  both  developed  and  less  developed  areas,  demographic  analysis  has 
tended  to  focus  on  macro  or  social-scale  implications  and  little  on  micro 
effects  that  occur  at  individual  or  household  levels.  The  social  costs  in  individ- 
ual or  household  terms  of  rapid  population  growth  tend  to  be  chronic,  even  if 
severe;  they  are  rarely  the  stuff  of  public  crisis.  However,  family  health  and 
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child  care— until  now  considered  outside  the  economic  market  and  nonmone- 
tary in  nature-have  begun  to  receive  closer  attention. 

Several  workers  have  hypothesized  that  there  are  linkages  between  fer- 
tiUty  levels  and  the  productive  (including  entrepreneurial)  capabilities  of  the 
labor  force.  Family  size  (or  average  number  of  children  being  cared  for 
simultaneously  over  a  considerable  stretch  of  their  pre-adult  ages)  has  been 
proposed  as  being  causally-and  inversely— related  to  intelligence,  child  health 
and  care,  educational  opportunities,  and  actual  school  performance.  Such 
effects  might  be  the  outcome  of  two  sets  of  causal  factors:  reduced  "invest- 
ment" in  human  resources  when  family  income  must  be  distributed  over 
more  children;  and  possible  influences  of  larger  family  size  as  such,  with 
income  held  constant.  Most  of  the  evidence  available  on  the  topic  bears 
predominantly  on  the  first  class  of  effects,  which,  reduced  to  essentials,  are 
really  forms  of  intergenerational  transmission  of  poverty,  a  long-familiar  sub- 
ject. Whether  family  size  as  such  is  significant  for  economic  growth  is  still 
speculative  at  best  and  would  probably  require  at  least  10  to  20  years  of 
intensive  study  to  provide  reasonably  definitive  answers,  given  the  inherently 
longitudinal  nature  of  the  transmission  processes  in  question. 

However  this  may  be,  the  processes  may  have  much  more  significant,  as 
well  as  visible,  implications  when  the  effects  of  family  size  are  viewed  directly 
in  welfare  terms,  rather  than  as  indirect  productive  inputs.  The  effects  of 
rapid  childbearing  and  shortened  child  spacing  on  infant  nutrition  and  quality 
of  child  care,  as  well  as  on  maternal  health  in  low  income  countries,  might 
turn  out  to  be  large.  Such  effects,  along  with  many  other  "quality  of  life" 
indicators,  are  still  largely  "beyond  GNP."  However,  even  conservative  allow- 
ance for  their  existence  in  benefit-cost  terms  could  yield  large  income- 
equivalents.  Indeed,  given  the  substantial  fraction  of  the  total  population 
annually  involved  directly  with  births  in  the  high-fertility  areas  (perhaps  one 
fifth  or  more,  using  a  birth  rate  of  40  per  1 ,000  and  assuming  families  of  five 
or  more  including  parents),  the  gains  to  individuals  and  families  from  fertility 
declines  not  only  would  tend  to  accrue  more  rapidly,  but  also  might  possibly 
be  greater,  than  the  corresponding  macro-income  effects  that  can  be  deduced 
using  more  conventional  methods  of  measurement.  Merely  a  one-child  reduc- 
tion in  number  of  children  ever  born  to  each  mother,  if  accompanied  by 
commensurately  extended  intervals  of  child  spacing,  would  affect  the  large 
majority  of  couples  in  the  reproductive  ages,  and  hence  the  majority  of  the 
total  population,  within  as  little  as  5  to  10  years. 

Socioeconomic  Change  and  Fertility 

Finally,  a  look  at  the  reverse  direcfion  of  interactions-from  social  and 
economic  change  to  fertility-reveals  an  even  scantier  base  of  knowledge. 
That  fertility  varies  with  socioeconomic  status  has  long  been  documented  in 
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statistical  or  group  terms,  but  individual  or  family  psychological  bases  for 
fertility  have  not  been  amenable  to  clear  definition  or  successful  analysis. 
Theories  of  family  decision-making  about  desired  numbers  and  spacing  of 
births  have  all  been  deductive  rather  than  empirically  operational;  for 
example,  they  are  often  developed  by  analogy  with  the  pure  economic  theory 
of  consumer  durables. 

At  macro  scales  of  observation,  average  fertility  differences  between  highly 
developed  and  distinctly  underdeveloped  areas  regarded  as  groups-for 
example,  between  nations  with  per  capita  incomes  of  over  $1,000  and  those 
under  $400— are  among  the  clearest  and  most  stable  comparative  phenomena 
known  to  social  scientists,  but  their  finer  statistical  or  dynamic  structure  has 
largely  eluded  analytic  approaches.  For  example,  correlations  between  fer- 
tility (birth  rates  or  gross  reproduction  rates)  and  standard  social  and  eco- 
nomic indicators  have  been  close  to  zero  as  recently  as  1960,  looking  at  the 
less  developed  countries  as  a  whole.  However,  a  number  of  social  and  non- 
income  economic  indicators  (such  as  communication  and  education)  that 
have  been  examined  recently  suggest  that  significant  inverse  correlations  may 
hold  between  these  indicators  and  fertility  within  individual  less  developed 
regions  such  as  Latin  America,  east  Asia,  and  possibly  others. 

To  summarize,  rapid  population  growth  has  neither  prevented  overall  eco- 
nomic growth  nor  brought  about  widespread  famine.  However,  rapid  popula- 
tion growth  has  resulted  in  a  slow  growth  of  per  capita  incomes,  per  capita 
food  production,  and  standards  of  living  while  national  economic  growth 
rates  are  rapidly  rising.  Moreover,  with  current  population  growth  rates,  the 
present  optimism  about  food  production  need  not  apply  far  into  the  future. 
An  immediate  and  continuous  decline  in  fertiHty  would  soon  increase  the 
welfare  of  individuals  and  households  in  all  economies,  and  after  15  to  20 
years  could  result  in  very  substantial-and  cumulatively  rising-overall  eco- 
nomic gains,  particularly  in  the  developing  countries. 

Political  and  Social  Consequences* 

High  population  density  and  rapid  grovi^h  are  blamed  for  many  disturbing 
features  of  a  changing  world:  urban  violence,  poHtical  instability,  poverty, 
pollution,  aggressive  behavior,  revolution,  and  hypernationalism.  Neverthe- 
less, empirical  attempts  to  relate  population  growth  to  these  political  pathol- 
ogies have  been  uniformly  unsuccessful.  There  is  no  evidence  that  population 
growth  decreases  the  level  of  political  stability  or  increases  the  probability  of 
conflict  and  violence  and  aggressive  behavior. 

*See  Myron  Weiner,  "Political  Demography:   an  Inquiry  into  the  Political  Conse- 
quences of  Population  Change,"  in  Vol.  II  of  this  study. 
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One  reason  for  what  may  be  myths  about  population  and  poHtical  pathol- 
ogy is  that  population  change  is  ordinarily  associated  with  socioeconomic 
change,  and  change  carries  with  it  the  high  likelihood  of  at  least  some  disrup- 
tion. Some  of  the  characteristic  forms  of  behavior  associated  in  the  public 
mind  with  high  population  density  may,  in  fact,  be  much  more  significantly 
related  to  the  prevalence  of  poverty  and  discrimination. 

Another  reason  is  the  neglect  of  the  subject  by  serious  scholars.  In  the 
presence  of  ignorance,  the  intellectual  gap  has  been  filled  by  opinion.  For 
example,  there  is  a  feeling,  quite  unsupported  by  evidence,  that  people  in 
densely  populated  countries  are  more  prepared  to  behave  in  irrational  ways 
and  to  seek  remedies  by  violence  for  internal  and  external  problems,  because 
they  value  human  life  less.  This  feeling  is  supported  sometimes  by  crude 
biological  analogy  and  oversimplification  of  the  complexities  of  the  inter- 
dependency  of  demographic  and  social  change. 

Nevertheless,  the  beliefs  concerning  real  or  imagined  political  conse- 
quences of  demographic  behavior  are  of  great  political  importance  in  them- 
selves. Hearsay  knowledge  and  ignorance  are  available  to  politicians,  and,  as  in 
the  case  of  lebensmum,  can  be  used  with  great  effect  to  convince  people  to 
adopt  policies  espoused  by  politicians  for  entirely  other  reasons.  Clearly  the 
only  antidote  to  unverified  hypotheses  applied  as  guides  to  public  policy  or  as 
sources  of  propaganda  is  to  increase  the  sophistication  of  tested  knowledge 
and  to  disseminate  the  results  through  public  education. 

In  the  following  discussion  of  the  political  and  social  consequences  of 
rapid  population  growth  it  is  essential  to  bear  in  mind  that  the  current  con- 
cern about  the  negative  consequences  of  this  growth  are  set  against  the  back- 
drop of  powerful  pressures  to  achieve  new  and  higher  levels  of  income, 
health,  education,  and  well-being.  These  goals  are  given  differing  shades  of 
emphasis  depending  on  the  society  from  which  they  spring,  but  it  is  safe  to 
predict  that  in  the  developing  countries  of  the  world  the  great  mass  of  people 
would  happily  embrace  them  all,  sure  in  the  knowledge  that  they  need  and 
want  more  of  whatever  they  are.  In  an  atmosphere  of  rising  expectations 
political  "solutions"  have  an  ineluctable  glamour. 

Political  Administration  and  Geographic  Density 

It  is  difficult  to  govern  a  large  territory  with  a  small  and  dispersed  popula- 
tion. The  higli  per  capita  costs  of  governing  underpopulated  regions  in- 
crease the  likelihood  of  conflict  between  central  and  subordinate  government 
units  when  justice,  health,  and  education  remain  locally  based  (as  is  usually 
the  case)  because  of  the  difficult  problems  of  transportation  and  communica- 
tion associated  with  attempts  by  the  central  government  to  have  continuing 
contact  with  the  citizenry.  This  suggests  that  the  larger  the  population,  the 
more  effective  its  government  can  be,  because  the  per  capita  costs  of  govern- 
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ment  are  reduced.  However,  difficulties  of  another  kind  emerge  as  density 
increases.  The  larger  the  population,  the  greater  the  total  cost  of  government, 
the  less  feasible  the  participation  of  the  individual  in  the  government— except 
for  voting— and  the  greater  the  variety  of  interests  seeking  to  influence  tne 
choice  among  options.  With  an  increase  in  density,  and  in  economic  and 
social  development,  the  organizational  structure  necessarily  becomes  more 
expensive  and  more  elaborate  and  the  peopte  more  subject  to  regulation, 
although  the  increased  services  government  renders  may  compensate  for  this 
aspect. 

No  matter  what  the  geographic  density  of  people,  it  is  cle^r  that  the  strains 
upon  the  administrative  resources  of  gov6rnment  are  increased  by  the  num- 
bers of  people  that  government  must  serve— just  in  terms  of  meeting  the 
increasing  demands  for  public  services,  such  as  public  security,  judicial  pro- 
cesses, and  legislation.  Added  to  this  are  the  specialized  needs  such  as  educa- 
tion, health,  housing,  transportation,  communication,  and  whatever  sort  of 
regulatory  devices  seem  needed  to  make  the  system  operate  with  minimum 
friction.  There  is  a  high  potential  for  conflict  between  central  authority 
located  in  densely  populated  urban  areas  and  local  authority  centered  in 
rural,  sparsely  settled  regions. 

Differential  Population  Growth 

Population  growth  is  unlikely  to  be  the  same  for  all  parts  of  a  nation's 
population,  partly  because  the  mortality  decline  that  creates  growth  is  likely 
to  be  different  from  one  sector  of  society  to  another,  but  principally  because 
growth  is  ordinarily  associated  with  socioeconomic  changes  that  promote 
migration  from  one  geographic  and/or  occupational  sphere  to  another.  Popu- 
lation redistribution  has  major  poHtical  consequences:  the  breaking  of  old  ties 
and  forming  of  new  ones  on  the  part  of  the  migrants,  the  dislocation  costs  for 
the  sending  and  receiving  populations  as  well  as  for  the  movers,  a  decline  in 
the  importance  of  systems  of  local  political  and  social  control.  As  develop- 
ment proceeds,  populations  tend  to  concentrate  rather  than  disperse,  and 
regional  inequalities  tend  to  become  greater.  One  consequence  of  this  process 
is  that  concentration  in  cities  makes  political  organization  more  feasible. 

Numbers  and  Political  Power.  Since  numbers  constitute  an  element  in  the 
relative  political  power  of  social  groups,  it  follows  that  differential  growth 
rates  affect  the  distribution  of  political  power  within  a  society.  This  differen- 
tial may  be  of  less  import  for  social  classes  than  for  ethnic  groups,  since  the 
former  are  less  visible  and  they  gain  and  lose  population  by  the  process  of 
social  mobility  associated  with  economic  change.  Conflicts  between  ethnic 
groups,  on  the  other  hand,  are  the  counterpart  within  a  nation  of  the  kinds  of 
conflicts  between  nations— conflicts  that  may  be  pursued  by  means  of  policies 
to  gain  demographic  advantage.  Ethnic  groups  are  subpopulations  with  their 
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own  patterns  of  natural  increase.  Differential  size  and  growth,  and  the  percep- 
tion of  this,  are  important  political  facts  in  all  political  systems,  and  perhaps 
particularly  in  democratically  oriented  systems.  Population  policy  may  be 
explicitly  or  implicitly  employed  to  extend  the  dominance  of  one  ethnic 
group  over  another,  or  to  extend  political  control  over  an  area  not  previously 
well  populated,  or  more  generally  to  influence  public  policy  decisions  in 
discriminatory  ways.  Intergroup  relations  may  be  exacerbated  by  the  migra- 
tion that  generally  accompanies  population  growth  and  economic  develop- 
ment. If  low-fertility  groups  advocate  a  general  policy  of  low  fertility,  the 
policy  may  be  perceived  by  the  targets  of  the  policy  to  be  politically 
motivated! 

From  an  international  viewpoint,  political  or  other  social  elites  may  see 
population  growth  as  a  measure  of  the  strength  of  the  nation.  Military  man- 
power is  still  regarded  by  some  as  an  index  of  pohtical  power  despite  the 
lessons  of  current  history.  Thus  one  consequence  of  rapid  population  growth 
may  be  to  stir  dreams  of  political,  military,  or  economic  expansionism. 

Implications  of  Changing  Age  Structure 

An  outstanding  characteristic  of  a  rapidly  growing  population  is  the 
tendency  of  different  age  groups  to  increase  at  different  rates,  with  the 
younger  ages  expanding  at  a  greater  rate  than  the  older  ages.  Conversely,  a 
dampening  of  the  growth  rate  affects  the  younger  first  and  only  later  the 
older  ages.  There  are  three  reasons  for  this  pattern  of  increase  by  age:  The 
largest  decline  in  mortality  is  registered  in  the  age  group  with  the  highest 
mortality  level,  the  infants.  Second,  fertility  changes  are  by  definition  modifi- 
cations of  the  ratio  of  those  aged  0  to  those  in  the  childbearing  span.  Finally, 
any  change  at  younger  ages  is  passed  on  with  the  passage  of  time  to  the 
reproductive  ages  and  is  reflected  back  through  the  process  of  reproduction. 

A  stationary  population  with  high  fertility  and  high  mortality  is  a  young 
population.  With  mortality  decline  and  the  resulting  positive  rate  of  growth, 
the  population  becomes  younger-the  more  so  the  higher  the  rate  of  growth. 
When  fertility  declines,  the  population  becomes  older,  reaching  a  maximum 
age  when  it  becomes  stationary  at  a  low  mortality  level.  Thus  the  typical 
sequence  in  a  demographic  transition  is  that  a  young  population  becomes 
even  younger  as  a  consequence  of  mortality  decline,  but  then  becomes  older 
as  a  consequence  of  fertility  decline. 

This  transformation  of  the  age  structure  has  many  important  ramifications 
for  the  body  politic.  Different  age  groups  make  different  kinds  of  demands 
upon  the  state-for  health  services  for  children  and  mothers,  for  the  various 
levels  of  public  education,  for  employment  opportunities  for  entrants  into 
the  labor  force,  for  medical  services  and  social  security  for  the  old.  For 
example,  with  an  increase  in  the  number  of  school-age  children,  the  govern- 
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ment  may  be  pressured  to  divert  investment  funds  from  industry  to  educa- 
tion. More  generally,  different  parts  of  the  social  system,  to  the  extent  that 
their  membership  is  age-defmed,  take  on  a  different  relative  configuration  as  a 
consequence  of  population  growth,  and  change  the  power  balance  of  the 
society.  As  with  the  assessment  of  the  consequences  of  other  demographic 
changes,  there  are  two  levels  of  consideration:  a  change  from  a  previous 
equilibrium  situation  is  disburbing  to  the  status  quo,  and  a  new  stable  pattern 
fails  to  emerge,  so  that  continual  adjustment  rather  than  merely  adjustment 
to  a  new  equilibrium  is  required. 

One  outstanding  consequence  of  the  modification  described  is  an  increase 
in  the  dependency  ratio  as  a  consequence  of  an  increase  in  the  rate  of  growth. 
(The  dependency  ratio  is  the  ratio  of  that  part  of  the  population  unable  to 
produce  sufficiently  to  meet  its  own  needs— say  those  under  age  15  and  over 
65— to  those  in  the  intermediate  ages.)  Although  this  is  clearly  an  increased 
burden  on  the  society,  it  may  be  more  bearable,  because  of  three  associated 
circumstances:  first,  the  mortality  decline  that  produces  the  change  in  the 
age  distribution  may  be  associated  with  morbidity  decline  and  better  health; 
because  the  producing  population  is  healthier  it  is  likely  to  be  more  produc- 
tive. Second,  the  labor  force,  as  the  key  subpopulation,  will,  like  the  general 
population,  be  younger.  Finally— a  more  subtle  point— it  is  possible  that  a 
decline  in  mortality,  representing  as  it  does  a  decrease  in  the  role  of  chance 
and  unpredictability  in  human  affairs,  may  diminish  the  sense  of  fatalism, 
strengthen  the  feeling  that  it  is  feasible  to  control  the  environment  and  make 
meaningful  long-range  plans,  promote  a  sense  of  future-orientation,  and  gen- 
erally increase  the  prominence  of  secular  rather  than  sacred  attitudes. 

One  characteristic  of  a  high-mortality  society,  in  toto  and  within  its  con- 
stituent groups,  is  a  strong  correspondence  between  respect,  authority,  status, 
and  power,  on  the  one  hand,  and  age,  on  the  other-to  some  extent  irrespec- 
tive of  performance.  In  a  low-mortality,  high-fertility  society  with  great  num- 
bers of  young  people,  the  respect  for  age  and  the  status  quo  may  sharply 
decline  and  those  organizations  unprepared  for  this  phenomenon  may  be 
subjected  to  great  stress. 

A  final  point  concerns  the  possibility  that  a  society  will  experience  change 
because  individual  characteristics  are  a  function  of  age.  If,  for  example,  it 
could  be  demonstrated  that  youth  is  linked  with  liberalism  and  age  with 
conservatism,  as  is  commonly  believed,  then  a  growing  population,  because  of 
its  more  youthful  age  structure,  would  be  a  more  liberal  population.  In 
apparent  support  of  this  proposition,  many  modern  revolutionary  movements 
have  been  associated  with,  and  have  utilized,  an  increase  in  the  number  of 
young  adults.  It  is  difficult  to  differentiate  in  this  situation  the  consequences 
of  youthfulness,  per  se,  and  the  extent  to  which  the  brunt  of  the  disad- 
vantages of  change  falls  predominantly  on  the  young  adults,  or,  from  another 
perspective,  the  extent  to  which  their  concentration  in  urban  centers  makes 
them  more  available  for  pohtical  organization. 
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In  point  of  fact,  little  can  be  said  with  confidence  about  the  meaning  of 
age  for  individual  behavior  in  some  abstract  causal  sense,  because  of  two 
confounding  circumstances:  (a)  Most  research  on  the  subject  has  unavoidably 
confused  its  significance  as  an  identifier  of  the  person's  location  in  historical 
time.  Do  the  political  and  social  attitudes  of  those  over  age  70  show  the 
consequence  of  an  inevitable  aging  process,  or  are  they  the  result  of  birth  in 
the  19th  century?  (b)  Behavior  in  an  age  is  only  partly  a  consequence  of  the 
characteristics  the  individual  brings  into  the  situation.  Societies  are  organized 
to  expect  particular  kinds  of  behavior,  and  are  ordinarily  successful  in  bring- 
ing performance  into  line  with  those  expectations.  One  of  the  most  likely 
accompaniments  of  a  process  of  social  and  economic  development  is  a  modifi- 
cation of  age  norms. 

Some  Special  Political  Problems 

Although  the  evidence  is  indeed  thin,  there  is  reason  to  speculate  that 
rapid  population  growth  contributes  to  (but  does  not  create)  certain  unique 
types  of  politico-legal  problems  in  less  developed  countries.  For  example,  it 
appears  reasonable  to  inquire  about  the  size  of  the  bureaucracy  as  a  tool  of 
administrative  management  in  those  countries  in  which  there  are  pressures  on 
the  government  caused  by  underemployment  and  unemployment. 

Rapid  population  growth  in  rural  areas  can  place  remarkable  strains  on  a 
legal  system  that  presents  real  or  perceived  barriers  to  economic  well-being; 
for  example,  the  way  land  is  held,  its  passage  from  generation  to  generation, 
and  inheritance  laws-all  influence  political  decisions.  Here  the  mix  of  politi- 
cal and  economic  consequences  becomes  blurred,  and  it  is  abundantly  clear 
that  not  enough  is  known  about  the  ways  people  react  to  and  perceive  these 
problems. 

Finally,  there  is  one  clear  political  consequence  of  rapid  population 
growth  that  has  deliberately  been  excluded  from  this  analysis:  the  sometimes 
exciting  politics  of  fertility  control— or  family  planning.  This  would  be  the 
subject  of  another  entire  volume,  to  say  the  least.  It  is  possible  to  expect  that 
education,  information,  and  understanding  of  the  consequences  of  rapid  pop- 
ulation growth  will  in  the  near  future  substantially  decrease  the  volatility  of 
this  issue  in  most  countries.  Nonetheless,  a  different  frame  of  reference  and 
method  of  analysis  would  be  required  to  make  any  definitive  statements  on 
this  subject. 

Society  and  the  Family 

The  consequences  of  rapid  population  growth  for  the  family  depend 
heavily  upon  the  associated  changes  that  may  be  occurring  in  the  society  and 
the  economy.  For  example,  the  arithmetic  of  child  dependency  would  be 
very  much  altered  if  the  society  were  to  prescribe  child  education  and 
proscribe  child  labor.  Both  developments  would  institutionalize  the  rights  of 
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individuals,  specifically  the  new  generation,  over  the  claims  of  family  obliga- 
tion, specifically  to  the  older  generation,  and  modify  drastically  the  familism 
that  has  been  so  congenial  to  high  fertility.  Occupational  opportunities  out- 
side the  family  farm  would  be  another  blow  to  the  parent-child  relationship, 
particularly  since  most  such  opportunities  require  migration  of  the  child  and 
allegiances  to  extra-famiUal  organizations.  Such  changes  would  bring  into 
question  the  pattern  of  traditional  obligations  of  children  to  parents  and 
place  particular  strain  on  the  pivotal  parental  generation,  which  feel  bound 
by  the  traditional  demands  of  their  parents  without  any  compensating  claims 
on  their  children. 

In  summary,  the  new  demographic  situation  of  mortality  decline  and  rapid 
growth  may  represent  a  severe  structural  strain  on  relationships  within  the 
family.  From  one  standpoint  this  situation  may  be  viewed  as  a  grave  conse- 
quence of  population  growth;  from  another  standpoint  it  may  be  regarded  as 
a  necessary  step  in  transforming  the  social  structure  in  order  to  make  the  new 
equilibrium  one  of  low  fertility  and  mortality.  The  abstacles  to  such  a  new 
equilibrium  are  considerable,  because  of  likely  opposition  from  those  with  a 
vested  interest  in  the  traditional  structure— from  some  heads  of  governments, 
of  armies,  of  religions,  and  of  families,  and  from  certain  of  the  privileged  and 
the  property-owning.  The  outcome  is  obviously  problematic,  and  will  differ 
in  detail  from  one  culture  to  another,  but  it  seems  unlikely  that  the  tide  of 
social  transformation  that  is  sweeping  the  world  can  be  more  than  postponed, 
whatever  the  current  strength  of  tradition  in  any  particular  society. 

Urbanization* 

Urbanization  is  a  product  of  a  country's  history,  an  irreversible  process, 
and  an  inevitable  concomitant  of  economic  development.  Two  thousand 
years  from  now  it  is  possible  that  our  century  will  be  recalled  as  that  time  in 
history  when  the  population  of  the  world  was  converted  from  primarily  rural 
to  primarily  urban.  Whereas  in  1900  probably  no  more  than  a  quarter  of  the 
world's  population  lived  in  urban  settlements,  by  2000  it  is  possible  that  60 
percent  or  more  will  be  found  in  cities. 

Recent  Changes  in  Rural/Urban  Population 

The  world  figure,  of  course,  does  not  reveal  the  great  range  to  be  found 
today.  Table  3  provides  relevant  data  on  both  the  level  of  urbanization  and 
the  tempo  of  change  in  the  period  1950-70.  The  developing  regions  ranged 
from  a  low  of  10  percent  urban  (eastern  Africa)  to  53  percent  (middle 
America  and  tropical  South  America).  Stated  generally,  Africa  south  of  the 

*See  Harley  L.  Browning,  "Migrant  Selectivity  and  the  Growth  of  Large  Cities  in 
Developing  Countries,"  in  Vol.  II  of  this  study. 
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Sahara  as  of  1970  had  so  low  a  level  of  urbanization  that  its  period  of  major 
transformation  still  lies  ahead  of  it;  at  the  other  extreme,  Latin  America 
already  has  nearly  half  its  population  in  urban  places;  and  the  great  popula- 
tions of  Asia  are  intermediate.  If  we  take  70  percent  as  the  standard  for 
developed  regions  (excluding  Oceania),  then  by  the  end  of  this  century  only 
Latin  America  has  a  chance  of  reaching  this  level,  but  Asia  and  Africa  may  be 
close  to  50  percent. 

The  same  pattern  is  seen  when  the  city  (a  place  of  100,000  or  over) 
population  is  examined.  (See  Table  3.)  The  relative  positions  of  Latin 
America,  Asia,  and  Africa  are  the  same. 

It  is  characteristic  of  the  urbanization  process  that,  the  more  it  progresses, 
the  more  significant  the  part  represented  by  large  urban  places  among  the 
total  urban  population.  Even  now  the  developing  world  contains  many  of  the 
world's  largest  urban  centers.  Shanghai,  Sao  Paulo,  Peking,  Mexico  City,  Cal- 
cutta, and  Rio  de  Janeiro  all  have  estimated  1970  populations  of  over  7 
million.  By  2000  the  world's  largest  urban  agglomeration  will  very  probably 
be  in  a  now-developing  country. 

Table  3  does  not  show  the  rate  of  growth  of  the  population  as  a  whole  nor 
the  absolute  sizes  of  urban  populations.  In  Africa  for  the  period  1950-1970 
the  percentage  increase  of  the  urban  population  was  177;  for  Latin  America, 
136;  for  Asia,  135.  By  contrast,  in  Europe  the  gain  in  urban  percentage  was 
only  39,  even  though  the  proportionate  increase  was  slightly  higher  than  for 
Africa.  The  explanation  is,  of  course,  that  Africa  had  a  much  higher  rate  of 
total  population  growth.  It  is  also  due  to  the  rate  of  change  of  the  rural 
populations.  In  the  developed  regions  of  the  world,  from  1960  to  1970  the 
rural  population  declined  in  absolute  terms;  in  a  number  of  developing 
regions  rural  growth  exceeded  2  percent  per  annum. 

Since  the  rate  of  urbanization  in  a  country  can  vary  only  between  the 
known  limits  of  0  and  100  percent,  in  the  life  span  of  any  given  country  the 
period  of  intense  urbanization  during  which  the  society  is  transformed  from  a 
primarily  rural  to  a  primarily  urban  one  occupies  a  comparatively  short  time 
span.  The  peculiar  problems  that  are  associated  with  rapid  urbanization  are 
not  permanent  features  in  the  history  of  a  society.  It  is  this  feature  of  urban- 
ization that  gives  a  sense  of  urgency  to  efforts  to  affect  and  to  guide  the 
urbanization  process.  Many  developing  countries  are  now  in  the  most  critical 
period,  and  others  are  now  on  the  threshold,  of  this  transformation. 

The  Tempo  of  Urbanization 

Urbanization  is  always  the  product  of  a  unique  historical  development. 
Once  the  pattern  is  laid  down  it  is  usually  very  difficult  to  alter.  Once  begun, 
urbanization  goes  forward;  a  country  becomes  propjessively  more  urban.  (The 
few  exceptions  to  this  rule  involve  the  breakdown  of  the  social  order,  as 
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TABLE  3 


Levels  and  Change  in  the  Urban  Population 
by  World  Regions,  1950-1970 


(percent) 


Rural 

Urban 

Urban 

Rural/ 

Population 

Popula- 

Popula- 

Urban 

Point 

Population 

per  Annum 

tion 

tion 

Change 

Difference 

in  Cities'' 

Change 

World  Region 

1950 

1970^ 

1950-70 

1950-70 

1970^ 

1960-70 

DEVELOPING  REGIONS 

Northern  Africa 

24.6 

34.6 

41 

10.0 

23.1 

1.8 

Western  Africa 

11.6 

19.7 

70 

8.1 

7.4 

2.5 

Eastern  Africa 

5.6 

9.9 

80 

4.3 

4.9 

2.5 

Middle  and  southern 

Africa 

6.6 

15.4 

133 

8.8 

6.0 

1.5 

Middle  America 

39.2 

53.0 

35 

13.8 

20.1 

2.3 

Caribbean 

35.2 

42.5 

21 

7.3 

20.7 

1.7 

Tropical  South 

America 

35.8 

53.1 

48 

17.3 

32.2 

1.1 

East  Asia 

12.1 

25.3 

109 

13.2 

16.1 

.3 

Southeast  Asia 

13.6 

20.1 

48 

6.5 

12.1 

2.3 

Southwest  Asia 

24.2 

35.5 

47 

11.3 

21.7 

1.6 

South  Central  Asia 

15.2 

17.8 

17 

2.6 

9.8 

2.2 

Oceania 

4.9 

8.5 

73 

3.6 

0.0 

2.3 

DEVELOPED  REGIONS 


Northern  America 

63.8 

75.1 

18 

11.3 

57.4 

Temperate  South 

America 

59.1 

70.2 

19 

11.1 

52.1 

Northern  Europe 

69.5 

74.9 

8 

5.4 

58.2 

Western  Europe 

63.2 

73.0 

16 

9.8 

45.0 

Eastern  Europe 

42.4 

54.6 

29 

12.2 

24.3 

Southern  Europe 

41.5 

50.7 

22 

9.2 

29.6 

-.6 

.3 
-.3 
-.6 
-.6 
-.1 


^Estimated. 

•'lOO.OOOorover. 

Source:  Kingsley  Davis,  World  Urbanization  1950-1970.  Vol.  1:  Basic  Data  for  Cities, 
Countries,  and  Regions.  Population  Monograph  Series,  No.  4.  Berkeley:  Institute  of 
International  Studies,  1969. 


occurred  in  the  ancient  world.)  The  tempo  of  urbanization  is,  however, 
another  matter;  it  varies  from  nation  to  nation  and  from  one  historical  era  to 
another.  In  general,  countries  that  experienced  their  most  intense  period  of 
urbanization  in  the  19th  and  early  20th  centuries  did  so  at  a  slower  pace  than 
are  the  developing  countries  now  in  their  most  dynamic  phase  of  economic 
change.  Another  difference  is,  of  course,  the  much  more  rapid  overall  popula- 
tion growth  in  the  developing  countries  of  today. 
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The  Green  Revolution  and  Urbanization.  The  speed  of  urbanization  can  be 
affected  by  many  factors— wars,  droughts,  revolutions,  depressions,  booms, 
for  example.  It  is  often  difficult  to  foresee  over  a  decade  or  so  what  will 
influence  this  speed.  The  Green  Revolution  provides  an  illustration  of  this 
point.  A  transformation  only  recently  begun,  it  has  not  spread  to  all  develop- 
ing countries,  and  its  long-term  success  is  still  problematical;  yet  the  Green 
Revolution  promises  to  have  a  considerable  impact  upon  the  volume  of  rural- 
urban  migration  and  therefore  upon  the  rate  of  urbanization.  Because  it  is 
based  upon  technological  innovation,  primarily  the  use  of  fertilizers,  the 
Green  Revolution  favors  the  larger,  more  modern,  and  commercially  oriented 
farms.  This  development,  in  conjunction  with  high  rates  of  population  in- 
crease in  rural  areas,  can  be  expected  to  increase  out-migration  to  urban  areas. 
(Whether  there  will  be  mass  migration  of  whole  families  and  of  all  ages  or 
simply  an  intensified  exodus  of  the  traditionally  migration-prone  group-the 
young  adults— is  not  clear.) 

In  addition  to  its  possible  effect  upon  the  size  and  composition  of  migra- 
tion streams,  the  Green  Revolution  may  affect  future  levels  of  urbanization, 
because  the  growing  urban  population  can  be  provisioned  better  from  internal 
sources.  Higher  agricultural  productivity  makes  possible  a  higher  level  of 
urbanization. 

Migration- the  Major  Mechanism  of  Urbanization 

There  are  various  combinations  of  fertility,  mortality,  and  migration  that 
can  cause  the  rapid  growth  of  urban  populations.  But  it  is  most  common  in 
time  and  space  that  the  major  contributor  is  rural-urban  migration. 

To  understand  the  urbanization  process  in  a  given  region,  it  is  important  to 
know  how  many  people  are  moving  from  one  place  to  another.  Data  on 
migration  streams  are  indispensable.  It  is  equally  important,  however,  to 
know  who  is  migrating.  Demographic  characteristics  (age,  sex,  marital  status, 
etc.)  and  socioeconomic  characteristics  (education,  occupation,  etc.)  are 
needed  to  understand  the  impact  of  migration  on  both  communities  of  origin 
(rural  and  urban)  and  the  urban  communities  of  destination.  All  these  factors 
affect  incorporation  of  migrants  into  the  urban  milieu. 

Return  migration  is  another  aspect  of  internal  migration  that  is  best  under- 
stood by  reference  to  community  of  origin  and  of  destination.  Reliable  in- 
formation on  its  magnitude  is  generally  lacking,  but  it  represents  a  significant 
proportion  of  all  migrations.  To  an  extent  still  not  determined,  return  migra- 
tion acts  as  a  sorting  mechanism,  returning  the  less  successful  and  least  satis- 
fied migrants  back  to  their  communities  of  origin. 

The  effect  of  in-migration  on  the  further  growth  of  urban  population 
depends  upon   the  reproductive  behavior  of  the  migrants,  a  complex  phe- 
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nomenon  as  yet  not  well  understood.  Urban  life  with  its  constraints  on 
housing  and  its  system  of  rewarding  the  best-trained  workers,  should  en- 
courage small-family  norms.  Furthermore,  the  sex  imbalance  that  character- 
izes much  rural-urban  migration,  the  greater  knowledge  and  availability  of 
contraceptives,  and  a  greater  incentive  to  use  them  tend  to  lower  urban 
fertility.  However,  many  of  the  migrants  to  urban  areas  are  in  the  prime 
reproductive  period,  and  there  may  be  a  relaxation  of  traditional  constraints 
upon  fertility. 

The  Absortion  of  Manpower  into  the  Urban  Labor  Force 

An  inevitable  consequence  of  rapid  population  growth  is  the  virtually 
universal  problem  of  absorbing  natives  and  migrants  into  the  labor  force  of 
cities.  Many  are  never  really  "absorbed";  they  are  either  unemployed  or 
underemployed.  At  present  there  is  very  little  evidence  about  how  much 
variation  in  such  categories  is  to  be  found  among  countries  or  among  cities 
within  a  particular  country.  And,  of  course,  the  problem  of  absorption  into 
the  urban  labor  force  can  never  be  separated  from  conditions  in  rural  areas 
from  whence  the  migrants  come. 

It  is  pretty  well  established,  however,  that  the  structural  transformation  of 
the  labor  force  is  accomplished  mainly  by  inter-  rather  than  intra-generational 
changes:  most  men  do  not  make  radical  changes  within  their  work  lives; 
instead,  successive  cohorts  enter  into  higher-level  occupations.  Linked  to  this 
is  the  fact  that  the  migrants'  success  in  finding  good  (stable)  jobs  in  the  city  is 
related  to  their  age  at  arrival  in  the  urban  area.  If  they  come  at  an  early  age, 
they  are  able  to  compete  quite  successfully  with  the  natives.  Consequently, 
special  importance  attaches  to  the  age  of  entry  of  men  moving  into  the  urban 
labor  market. 

The  Urban  System 

The  concept  of  urbanization  includes  the  system  of  cities— the  forms  of 
interdependence  among  the  cities  and  their  relations  to  hinterlands.  Basically, 
systems  of  cities  are  described  in  terms  of  the  urban  hierarchy  (the  size 
distribution  of  cities  within  an  area  and  the  activities,  or  functions,  associated 
with  size)  and  the  spatial  arrangement  of  urban  places  in  terms  of  their 
interrelationships  with  each  other  and  their  respective  hinterlands. 

The  distribution  of  urban  places  by  size  in  a  country  is  independent  of  the 
level  of  urbanization.  In  some  countries  the  urban  population  is  concentrated 
in  smaller  cities;  in  others  large  cities  dominate.  Although  there  is  no  theory 
that  can  tell  us  what  urban  size  distribution  is  most  appropriate  for  various 
stages  of  economic  development,  several  factors  may  be  relevant. 

Cities  of  different  sizes  generally  perform  different  kinds  of  functions.  The 
biggest  cities  in  a  country  are  "diversified";  they  do  not  specialize  in  one  kind 
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of  activity,  such  as  manufacturing  or  commerce.  Some  studies  in  advanced 
countries  have  tried  to  work  out  thresholds  for  various  activities  that  appear 
only  when  cities  attain  a  certain  population.  Unfortunately,  there  are  few  if 
any  comparable  studies  of  developing  countries,  but  it  seems  certain  that  the 
results  obtained  in  developed  countries  cannot  automatically  be  applied  to 
cities  in  developing  countries.  Almost  certainly,  the  threshold  for  the  appear- 
ance of  many  activities  will  be  higher  in  contemporary  developing  countries. 

An  independent  but  related  problem  is  determining  economies  and  dis- 
economies of  scale  of  different  city  sizes.  Few  would  argue  that  there  is  a 
direct  relationship  between  size  and  overall  efficiency.  At  some  point  the 
diseconomies  stemming  from  high  land  rents,  traffic  congestion,  pollution, 
etc.  will  come  to  balance  out  or  outweigh  the  advantages  of  population 
concentration  and  high  division  of  labor.  So  little  hard  evidence  is  available 
on  this  point  that  little  can  be  said  other  than  to  note  that  differences 
between  developed  and  developing  countries  may  be  considerable. 

These  considerations  come  to  a  head  in  dealing  with  one  prominent  fea- 
ture of  the  urban  hierarchy,  the  position  and  role  of  the  "primary"  or  first 
city  of  a  country.  Many  developing  countries  are  characterized  by  "high 
primacy";  the  first  city  is  many  times  larger  than  the  secondary  cities,  and 
this  demographic  concentration  reflects  a  high  degree  of  concentration  of 
governmental,  economic,  and  cultural  activities  in  one  place  in  the  country. 
There  has  been  a  tendency  to  condemn  all  cases  of  high  primacy  as  being 
detrimental  to  economic  development  because  they  are  "parasitic"— sucking 
out  the  best  from  the  rest  of  the  country  and  offering  little  in  return. 

However,  conditions  vary  among  countries.  As  an  example,  two  countries 
may  demonstrate  equally  high  primacy;  their  first  cities  are  five  times  the  size 
of  the  second  cities.  In  one  country  a  review  of  the  situation  leads  to  a 
recommendation  that  the  pattern  be  maintained,  whereas  in  the  other 
country  the  recommendation  is  to  use  all  means  to  reduce  it.  Why  the  con- 
trary policies?  The  first  country  is  small  in  population  (say  5  million)  and 
compact  in  area.  Assuming  a  good  transportation  network,  the  primary  city  is 
within  a  few  hours  of  all  populated  parts  of  the  country.  The  advantage  of 
maintaining  high  primacy  and  moving,  in  effect,  toward  a  city-state  pattern  is 
that  it  will  permit  the  existence  of  at  least  one  genuinely  metropoUtan  center 
that  can  provide  the  range  of  goods  and  services  that  a  modern  country 
requires.  One  city  of  a  million  inhabitants  may  be  better  suited  to  the 
country's  needs  than  five  cities  of  200,000  each.  The  other  country  has  50 
million  people  and  encompasses  a  large  irregular  area;  therefore  high  primacy 
may  handicap  regional  development.  The  one  center  cannot  well  serve  such  a 
large  and  dispersed  population.  And  the  primary  city  would  attain  so  large  a 
population  that  it  would  result  in  local  diseconomies.  In  short,  in  primacy 
variation  just  as  in  other  aspects  of  urbanization,  no  simple  formula  will 
suffice. 
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The  Spatial  Position  of  Cities  and  Regional  Development.  Regional  plan- 
ning is  now  accepted  in  principle  in  most  developing  societies.  What  is  still 
not  common,  however,  is  an  explicit  recognition  of  the  part  that  urbanization, 
and  in  particular  the  spatial  location  of  urban  places,  could  play  in  the  elab- 
oration of  regional  plans.  Frequently,  regions  are  defined-as,  for  example, 
river-basin  authorities— without  any  reference  either  to  the  existing  urban 
structure  or  to  what  it  might  become.  The  fact  that  cities  are  nodal  points  in 
the  process  of  development  is  lost  sight  of.  The  role  they  play  as  "central 
places"  in  providing  goods  and  services  to  an  agricultural  hinterland  or  to 
some  lower  level  of  urban  places  too  often  is  neglected. 

Within  most  developing  countries  there  are  areas  that  can  be  termed,  from 
an  urban  standpoint,  undeveloped  (very  low  degree  of  urbanization  and  poor 
internal  and  external  communiction);  underdeveloped  (substantial  urbaniza- 
tion but  not  well  articulated  with  the  resources  of  the  region);  and  over- 
developed (too  much  urban  concentration— primary  cities  are  the  most  strik- 
ing example— in  relation  to  resources  such  as  water).  Each  of  these  situations 
requires  its  own  set  of  directives.  In  particular,  regions  classified  as  undevel- 
oped need  careful  attention,  for  it  is  here  that  the  urban  regional  planner  can 
do  more  than  try  to  correct  earlier  mistakes.  He  can  be  instrumental  in  laying 
down  an  economically  and  socially  viable  network. 

Costs  and  Benefits  of  Urbanization 

At  the  beginning  of  this  section  we  stated  that  urbanization  is  an  inevitable 
concomitant  of  economic  development.  Yet  much  current  discussion  suggests 
that  urban  centers  are  a  handicap  to  development,  as  shown  by  such  terms  as 
"overurbanization,"  "pathological  urbanization,"  "parasitic  cities."  Whatever 
the  merit  of  these  criticisms,  it  should  be  remembered  that  both  historically 
and  currently  a  close  relationship— that  has  been  frequently  demonstrated 
statistically-exists  between  indices  of  economic  development  and  indices  of 
urbanization.  In  the  most  general  terms,  productivity  is  greater  in  urban  than 
in  rural  environments,  because,  briefly  stated,  the  concentration  of  popula- 
tion brought  about  by  urbanization  permits  a  higher  division  of  labor  and 
reduces  costs  caused  by  the  "friction  of  space." 

There  is  great  uncertainty  about  how  to  interpret  studies  that  have  tried  to 
estimate  the  monetary  cost  of  urbanization,  i.e.,  how  much  money  is  needed 
to  create  a  new  job  for  a  rural-urban  migrant.  The  results  usually  show  such 
high  costs  that  it  is  concluded  that  it  is  betier  to  reduce  rural-urban  migration 
drastically  and  to  make  efforts  to  keep  prospective  migrants  in  their  rural 
communities  of  origin.  It  is  difficult  to  argue  with  the  arithmetic 
of  these  studies,  but  it  can  be  asked  if  they  are  attuned  to  the  reality  of  the 
situation.  Any  similar  study  in  the  period  of  intense  urbanization  of  now 
developed  countries  would  probably  have  yielded  the  same  conclusions. 
Housing,  for  example,  is  and  always  has  been  a  particularly  troublesome 
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problem  for  societies  experiencing  rapid  urbanization.  It  is  doubtful  that  any 
country  (possibly  a  Scandinavian  one  might  be  an  exception)  has  been  able  to 
provide  "satisfactory"  housing,  be  it  England  in  the  19th  century,  the  United 
States  at  the  turn  of  the  century,  or  the  Soviet  Union  following  the  Revolu- 
tion. Some  of  the  standards  that  are  used  in  making  the  calculation  of  urban 
services  have  been  unthinkingly  imported  from  the  developed  countries  of 
today.  In  Latin  America,  at  least,  there  now  seems  to  be  a  better  appreciation 
of  both  the  desire  and  ability  of  squatters  and  low  income  groups  to  improve 
their  housing  substantially  through  self-help  measures. 

Surely  one  reason  why  more  attention  seems  to  be  drawn  to  the  ills  of  the 
city  is  that  they  are  much  more  visible  and  concentrated  than  they  are  in  the 
country.  Since  they  are  linked  to  the  amount  of  documentation  or  observa- 
tion, reports  of  worse  conditions  in  the  cities  are,  in  most  cases,  statistical 
artifacts. 

For  example,  in  developing  countries,  nearly  all  cities  have  a  mass  of 
unemployed  and  underemployed  workers,  but  underutilization  of  manpower 
is  a  characteristic  of  both  urban  and  rural  sectors.  Education  and  health 
services  are  often  more  available  in  urban  areas. 

Urbanization  does  have  its  own  set  of  "costs,"  and  the  form  that  the 
urbanization  pattern  takes  may  not  be  well  suited  to  the  requirements  of  a 
country.  However,  major  policy  issues  would  still  arise  if  urbanization  were  to 
be  perfectly  "proportioned"  relative  to  economic  development.  Criticism  of 
the  degree  of  urbanization  and  the  speed  of  the  process  is  often  misdirected; 
policy  changes  should  be  directed  to  the  systems  of  cities  within  a  region-the 
problems  rooted  in  the  urban  size  hierarchy  and  the  spatial  distribution  of 
cities.  The  question  is  not  whether  urbanization  is  desirable-it  is  probably 
inevitable— but  what  form  it  should  take. 

Education  and  Population  Growth* 

There  is  considerable  evidence  from  recent  economic  research  that  factors 
other  than  the  amount  of  capital  investment  in  the  means  of  production  or 
growth  in  the  quantity  of  labor  are  of  major  importance  in  economic  growth. 
Such  growth  requires  much  more  than  an  accumulation  of  capital  and  an 
increase  in  the  number  of  workers.  New  types  of  productive  instruments  have 
to  be  created,  new  occupations  generated  and  learned  in  new  contexts  and 
locations,  new  types  of  risks  have  to  assumed,  and  new  social  and  economic 
relationships  have  to  be  forged. 

Hence,  the  development  factors  include:  (a)  improvement  in  the  quality  of 
labor  through  education  and  other  means  of  skill  acquisition,  as  well  as  better 
health  and  welfare;  (b)  more  favorable  conditions  for  the  introduction  of 

*See  the  chapters  in  Vol.  11  of  this  study  by  Gavin  W.  Jones,  T.  Paul  Schultz,  and 
Harvey  Leibenstein. 
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innovation  and  technical  change;  (c)  institutional  changes  leading  to  more 
effective  organization  and  management  at  both  governmental  and  private 
levels;  and  (d)  a  better  environment  for  entrepreneurs.  These  factors  are 
interrelated,  and  all  depend  to  some  extent  on  improvements  in  education. 

Recent  Educational  Expansion 

The  number  of  children  enrolled  in  the  primary  schools  of  the  less  devel- 
oped countries  rose  150  percent  during  the  15  years  from  1950  to  1965,  and 
the  percentage  of  all  children  6  to  1 2  years  old  who  were  in  school  rose  from 
less  than  40  percent  to  more  than  60  percent.  This  marked  increase  in  enroll- 
ment ratios  (the  fraction  of  the  total  age  group  who  are  in  school)  reflected  in 
large  measure  the  value  placed  on  education  by  people  of  all  classes  and 
income  groups  in  the  developing  countries. 

Public  pressure  for  more  education  probably  came  in  part  from  in- 
creasing economic  returns  to  skill  and  education  as  industrialization  pro- 
ceeded and  in  part  from  the  widening  disparity  between  the  incomes  of 
people  who  had  some  formal  education  and  those  who  were  illiterate.  This 
disparity  in  turn  came  from  the  growing  demand  for  skilled  labor  and  the 
stagnation  in  demand  for  uneducated  and  unskilled  workers,  whose  numbers 
were  rapidly  increasing  because  of  high  rates  of  population  growth.  Studies  in 
four  Latin  American  countries  and  in  India  show  that  the  earnings  of  people 
with  5  to  6  years  of  schooUng  are  double  or  triple  those  of  persons  who  have 
spent  less  than  2  years  in  school.  Persons  with  1 1  years  of  education  earn 
three  to  six  times  as  much  as  functional  illiterates. 

Education  of  Children  as  a  Form 
of  Saving  and  Investment 

Educational  expansion  means  that  many  parents  have  been  spending  more 
to  improve  the  education  and  skills  of  children  even  though  this  has  become 
more  difficult  as  the  number  of  children  in  each  family  increased.  These 
investments  in  the  "quality"  of  children  may  be  taking  place  at  the  expense 
of  savings  by  households  and  corresponding  capital  investment  in  the  physical 
means  of  production.  Statistical  analysis  of  a  large  number  of  less  developed 
countries  shows  that  the  level  of  savings  measured  in  terms  of  national  in- 
come remains,  over  time,  a  relatively  constant  fraction  of  per  capita  incomes. 
This  fraction  does  not  increase  as  per  capita  incomes  rise,  but  from  country 
to  country  it  shows  a  strong  inverse  correlation  with  child  dependency  ratios, 
that  is,  the  proportion  of  children  less  than  1 5  years  old  to  adults  1 5  to  65 
years  old.*  (As  we  have  seen,  these  dependency  ratios  depend  directly  on 

*Nathaniel  H.  Leff,  "Dependency  Rates  and  Savings  Rates,"  Amer  EconR,  Vol.  59, 
No.  5,  Dec.  1969.  pp.  886-896. 
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birth  rates  and  rates  of  population  growth.)  Total  savings,  including  those 
invested  in  human  capital  through  education  and  better  nutrition  and  child 
care,  though  still  low  in  absolute  terms  because  of  low  per  capita  incomes,  are 
considerably  higher  than  monetary  savings  or  investments  in  physical  capital 
and  may  be  rising  more  rapidly  than  per  capita  incomes. 

Limitations  on  Expenditures  for  Education  and  Development 

Allocating  expenditures  for  education  presents  difficulties  on  the  govern- 
ment, as  well  as  the  family,  level.  In  low  income  countries  public  investments 
in  education  reduce  the  amount  that  can  be  spent  by  governments  on  capital 
investments  for  short-term  increases  in  production.  The  proportion  of  the 
gross  national  product  (GNP)  that  can  be  drained  off  in  taxes  by  all  levels  of 
government  is  limited  by  the  necessities  of  human  survival.  In  India,  for 
example,  60  to  90  percent  of  personal  incomes  must  be  used  to  meet  the 
physiological  needs  of  the  people  for  calories,  protein  and  other  nutrients, 
clothing,  and  shelter.  Governments  also  face  other  difficulties  in  raising  suffi- 
cient direct  and  indirect  taxes  to  provide  the  revenue  that  must  be  shared 
among  education,  health  and  welfare  services,  and  capital  expenditures  for 
development.  These  difficulties  arise  from  the  low  levels  of  exports  and  im- 
ports available  for  customs  revenue  and  the  frequently  deteriorating  terms  of 
trade,  the  prevalence  of  family  morality  rather  than  public  morality,  and  the 
lack  of  effective  political  and  economic  controls. 

The  situation  of  average  households  in  low  income  countries  is  similar  to 
that  of  governments.  There  are  difficulties  even  when  per  capita  incomes  rise. 
The  ratio  of  total  savings  to  income  cannot  be  increased  very  rapidly  as  per 
capita  incomes  grow,  even  if  strong  incentives  exist,  simply  because  the  neces- 
sities of  life  require  that  a  high  proportion  of  income  be  used  for  food, 
clothing,  and  shelter.  Increasing  numbers  of  children  in  the  average  family 
keep  this  proportion  high  even  when  total  family  income  rises.  In  economic 
terms,  the  "elasticity"  of  savings  to  rising  incomes  tends  to  be  close  to  one. 
This  means  that  consumption  needs  are  not  adequately  met  by  present  in- 
come and  the  bulk  of  any  increase  in  per  capita  income  will  be  used  for 
increasing  consumption  rather  than  savings. 

Educational  Costs  per  Child  in  Developed 
and  Less  Developed  Countries 

On  the  average  the  developed  countries  with  their  high  per  capita  incomes 
are  able  to  spend  both  a  greater  percentage  of  national  income  and  far  greater 
amounts  of  money  on  public  education  than  the  poor  countries.  This  contrast 
is  widened  by  the  large  proportion  of  children  in  the  developing  countries,  a 
result  of  high  birth  rates  and  low  death  rates.  Therefore,  even  if  the  level  of 
educational  expenditure  were  the  same,  expenditures  per  child  would  be 
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much  less  than  for  low-fertility  countries.  For  example,  in  1965  the  United 
Kingdom  used  6  percent  of  its  GNP  for  education,  while  Ghana  used  5 
percent.  But  the  school-age  population  (5  to  19  years)  was  about  37  percent 
of  the  total  population  in  Ghana  and  22  percent  in  the  United  Kingdom. 
Thus  Britain  used  nearly  twice  as  large  a  percentage  of  its  GNP  per  head  of 
the  school-age  population  as  did  Ghana.  In  absolute  terms,  the  United  King- 
dom, with  a  GNP  per  capita  of  $1,800,  spent  about  $500  per  child  for 
education,  and  Ghana,  out  of  a  total  GNP  per  capita  of  $300,  spent  $15  per 
capita,  or  about  $40  per  child. 

Education  in  the  developing  countries  is  further  handicapped  by  the  fact 
that  educational  costs  per  child  in  schools,  in  terms  of  per  capita  incomes, 
tend  to  be  relatively  high.  The  differential  in  incomes  between  educated  and 
uneducated  people  is  much  larger  than  in  the  developed  countries,  and  conse- 
quently the  ratio  of  teachers'  salaries  (which  constitute  60  to  80  percent  of 
educational  costs)  to  per  capita  incomes  is  commonly  two  or  three  times  this 
ratio  in  developed  countries. 

Percent  of  National  Income  That  Can  Be  Devoted  to  Education 

The  low  incomes  of  developing  countries  are  not  in  themselves  a  fixed 
barrier  to  the  channeling  of  substantial  proportions  of  income  into  education, 
provided  governments  give  education  a  sufficiently  high  priority  and  are  able 
to  raise  the  necessary  taxes.  There  is  a  wide  variation  among  countries,  but  on 
the  average  they  spend  about  3.5  percent  of  national  income  on  education. 
But  there  does  not  appear  to  be  much  correlation  between  per  capita  GNP 
and  the  percentage  of  national  income  devoted  to  education.  At  all  levels  of 
per  capita  GNP,  this  percentage  varies  widely,  from  1.5  to  2  percent  in 
Ethiopia,  Pakistan,  Nicaragua,  and  Portugal  to  about  6  percent  in  Kenya, 
Ivory  Coast,  Cuba,  and  Libya,  and  more  than  8  percent  in  Zambia  and 
Tunisia.  Expenditures  per  child  of  school  age  have  an  even  greater  range,  from 
less  than  $5  to  more  than  $75. 

Future  Increases  in  Enrollment  Ratios 

In  spite  of  the  rapid  expansion  of  education  in  the  less  developed  coun- 
tries, the  absolute  numbers  of  illiterates  in  these  countries  increased  from 
1950  to  1965  because  of  the  population  factor;  the  number  of  children  in  the 
primary  age  group  rose  more  rapidly  than  the  number  being  educated.  Ed- 
ucational planners  in  Africa,  Asia,  and  Latin  America  are  aiming  at  a  reversal 
of  this  situation  in  the  future  by  raising  enrollment  ratios  to  above  90  percent 
as  rapidly  as  possible. 

Time  Required  to  Raise  Enrollment  Ratios.  In  many  countries  such  an 
increase  in  enrollment  ratios  would  be  extremely  difficult  and  perhaps  im- 
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possible  to  accomplish  in  less  than  15  to  20  years.  One  reason  is  that  accel- 
erating rates  of  population  growth  and  the  low  levels  of  secondary  and  higher 
education  during  the  past  2  decades  have  resulted  in  a  small  proportion  of 
potential  teachers  relative  to  the  numbers  of  potential  students.  Teachers 
must  be  recruited  from  the  smaller  and  more  poorly  educated  cohorts  of 
these  past  years,  in  some  regions  in  the  face  of  competition  from  industry  and 
other  sectors.  Moreover,  the  increase  in  the  percentage  of  the  GNP  used  for 
education  that  is  required  to  raise  enrollment  ratios  can  be  attained  only 
rather  slowly  in  many  countries,  because  it  requires  a  reorganization  of  fiscal 
and  tax  procedures  that  may  not  be  possible  until  the  GNP  becomes  much 
larger  than  at  present. 

Savings  in  Enrollments  Resulting  from  Reductions  in  Fertility.  If  the  de- 
sired rise  in  enrollment  ratios  takes  place  over  20  years  or  more,  the  rate  of 
growth  of  the  school-age  population  will  greatly  affect  the  total  numbers  of 
children  in  school.  This  can  be  seen  by  analyzing  the  situation  of  a  typical 
developing  country  in  which  the  population  of  children  5  to  14  years  old  is 
increasing  by  3  percent  per  year,  and  educational  plans  call  for  a  rise  in 
enrollment  ratios  from  40  percent  at  present  to  95  percent  after  20  years.  If 
fertility  remains  constant  over  these  2  decades,  the  number  of  children  in 
school  at  the  end  of  the  period  will  have  increased  by  338  percent.  With  a 
steady  decline  in  fertility  at  a  rate  of  1.7  percent  per  year  the  increase  will  be 
270  percent.  If  fertility  declines  by  3.3  percent  per  year  for  15  years,  the 
numbers  of  children  in  school  will  have  increased  only  206  percent.  Thus  the 
savings  in  enrollments  resulting  from  sharply  reduced  fertility  v^ll  be  about 
30  percent  after  20  years.  The  effect  after  the  first  10  years  would  be  much 
smaller  however— about  3  percent— because  of  the  5-  to  6-year  lag  in  the 
effect  of  a  reduction  in  fertility  rates  on  school-age  population. 

If  the  rise  in  enrollment  ratios  from  40  percent  to  95  percent  takes  place 
over  30  years,  the  constant  fertility  projection  gives  a  517  percent  rise  in 
enrollment  at  the  end  of  this  period,  whereas  for  a  rapidly  declining  fertility 
the  increase  would  be  only  200  percent.  A  51  percent  saving  in  enrollment 
would  be  attained  at  the  end  of  this  period  by  the  assumed  rapid  reduction  in 
fertility.  Fertility  reduction  would  give  a  saving  of  only  3  percent  at  the  end 
of  the  first  10  years,  and  30  percent  at  the  end  of  20  years,  just  as  in  the 
previous  case. 

Effects  of  Declining  Fertility  on  Costs  of  Education.  The  effects  on  future 
educational  costs  of  declining  fertility  rates  versus  continuance  of  present 
high  fertility  are  more  difficult  to  visualize  than  the  effect  on  future  enroll- 
ments. A  rise  in  enrollment  ratios  with  continuing  high  fertility  will  require 
that  an  increasing  percentage  of  GNP  be  devoted  to  education,  even  if  GNP 
increases  more  rapidly  than  population.  This  results  from  the  fact  that  the 
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costs  of  education  per  student  increase  about  as  rapidly  as  per  capita  incomes. 
Most  of  these  costs  represent  teachers'  salaries,  and  these  rise  as  per  capita 
incomes  rise. 

Moreover,  if  the  school  system  is  to  be  expanded  and  improved,  the  pro- 
portion of  expenditures  for  buildings  and  equipment  and  the  nonteacher 
component  of  recurrent  costs  must  be  raised.  To  create  a  more  balanced 
system  the  ratio  of  students  in  secondary  and  higher  education,  relative  to 
those  in  primary  school,  must  be  increased,  even  to  ensure  a  sufficient  num- 
ber of  primary  teachers.  In  Africa  and  Asia,  secondary  education  is  six  to 
fifteen  times  more  expensive  per  student  than  primary  education,  and  univer- 
sity education  twenty-three  to  thirty-nine  times  more.  Finally,  improvement 
in  the  quality  of  education  must  be  attained  primarily  through  raising  teacher 
quaUfications,  and  this  means  both  greater  costs  and  a  lengthening  of  the  time 
for  teacher  education,  and  a  rise  in  salaries  more  than  proportional  to  the 
increase  in  per  capita  incomes,  if  education  has  to  compete  for  personnel  with 
industry  and  other  sectors. 

For  a  given  increase  of  GNP,  per  capita  incomes  will  be  higher  if  fertility 
declines  and  population  growth  is  slowed.  Hence  the  cost  of  education  per 
student  will  increase  more  than  if  fertility  had  remained  constant.  Conse- 
quently, the  effect  of  a  fertility  decline  on  educational  costs  will  be  less  than 
proportional  to  the  reduction  in  the  number  of  children  to  be  educated.  But 
calculations  for  a  typical  case— Pakistan-show  that  whether  or  not  enroll- 
ment ratios  and  educational  quality  are  improved,  total  educational  costs 
would  be  significantly  smaller  if  present  fertility  rates  were  rapidly  lowered 
than  if  fertility  were  constant.  This  is  basically  due  to  the  fact  that  the 
proportion  of  children  to  adults  in  the  population  would  diminish.  In  1985 
the  percent  of  GNfP  required  if  fertility  remained  high  would  exceed  that 
required  for  rapidly  declining  fertility  by  13.9  percent  if  enrollment  ratios 
held  constant,  by  10.4  percent  if  enrollment  ratios  are  raised,  and  by  9.4 
percent  if,  in  addition,  pupil/teacher  ratios  are  lowered.  In  1995,  the  excess  in 
the  high-fertility  case  would  be  38.5  percent,  29.9  percent,  and  27.5  percent 
respectively.  By  1995,  the  amount  saved  each  year  would  be  about  900 
million  dollars,  more  than  four  times  the  total  expenditures  for  education  in 
Pakistan  in  1970. 

High  Rate  of  Economic  Growth  Required  to  Increase  Enrollment  Ratios. 
The  calculation  for  Pakistan  assumes  a  growth  in  GNP  of  6  percent  per  year, 
or  about  350  percent  by  1995.  Even  with  this  very  high  rate  of  growth,  more 
than  8  percent  of  national  income  would  have  to  be  devoted  to  education  in 
order  to  accomplish  the  planned  increase  in  enrollment  ratios,  unless  there  is 
a  marked  decline  in  fertiHty.  Practically  no  country  today  allocates  such  a 
high  percentage  of  resources  to  education.  If  the  economy  grows  at  a  slower 
rate,  the  increase  in  enrollment  ratios  would  probably  be  impossible  to  attain 
without  a  sharp  reduction  in  fertility. 
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Urbanization  and  Education 


Another  consequence  of  high  rates  of  population  growth  that  affects  edu- 
cation is  the  rapid  urbanization  that  is  occurring  in  most  less  developed 
countries  because  of  migration  of  redundant  workers  and  their  families  from 
the  countryside.  Both  enrollment  ratios  and  educational  standards  are  usually 
higher  in  urban  than  in  rural  areas.  Therefore,  educational  planners  need  to 
keep  these  differences  in  mind  and  to  take  into  account  the  rates  of  urban 
migration  both  in  planning  the  allocation  of  educational  resources  and  in 
budgeting  additional  funds  for  raising  enrollment  ratios  and  improving  educa- 
tional quality. 

Allocation  of  Educational  Resources 

Without  greatly  increased  educational  expenditures,  the  necessity  of  pro- 
viding primary  education  for  rapidly  growing  numbers  of  children  inevitably 
diverts  resources  away  from  technical,  vocational,  and  higher  education,  all  of 
which  are  required  in  many  countries  to  provide  the  skilled  technical  man- 
power essential  for  economic  growth.  One  of  the  most  difficult  problems 
faced  by  educational  planners  and  administrators  is  to  strike  an  optimum 
balance  between  the  two  kinds  of  education,  in  the  face  of  public  pressures 
for  expanding  school  enrollment  ratios  and  for  a  broader  geographic  distribu- 
tion of  schools. 

The  Role  of  Education  in  Reducing  Fertility 

The  quantity  and  quality  of  education  affect  fertility  rates,  and  hence 
population  growth,  in  several  ways: 

1 .  Education  postpones  the  age  of  marriage.  Educational  opportunities  for 
women,  particularly  secondary  and  vocational  education,  tend  to  raise  the  age 
of  marriage.  This  is  clearly  seen  in  the  Khanna  District  of  the  Punjab  in 
northwestern  India,  where  the  age  of  marriage  of  women  has  risen  from  less 
than  17  to  more  than  20  during  the  past  decade  as  education  and  employ- 
ment in  teaching,  nursing,  and  other  occupations  have  become  available.  This 
postponement  of  marriage  is  one  of  the  contributing  causes  to  the  decline  of 
the  birth  rate  from  38  per  1 ,000  in  1957-59  to  32  per  1,000  in  1966-68. 

2.  Educated  women  have  fewer  children.  Evidence  from  several  countries 
shows  that  women  with  7  or  more  years  of  schooling  have  fewer  children  and 
smaller  families  than  women  who  have  had  little  or  no  education.  The  reasons 
are  complex  and  not  entirely  understood,  but  among  them  are  probably  the 
greater  access  to  information  and  to  communications  media  possessed  by 
educated  women;  the  alternatives  to  childbearing  available  to  them  in  the 
form  of  jobs  and  opportunities  for  service;  their  increased  role  in  family 
decision-making;  their  greater  ability  to  provide  adequate  nutrition  and  better 
health  for  their  children,  with  the  result  that  they  are  faced  with  less  uncer- 
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tainty  about  their  children's  survival;  and  their  reaUzation  that  a  small  family 
will  make  it  easier  to  provide  education  and  social  mobility  for  the  children. 

3.  Educational  costs  to  the  parents  lead  to  smaller  desired  family  size. 
Even  when  the  costs  of  teacher  salaries  and  the  capital  and  equipment  costs 
of  education  are  paid  by  the  state,  children  in  school  are  a  considerable 
expense  to  their  parents.  Their  material  needs  are  greater  and  they  are  less 
able  to  contribute  to  family  income.  Hence  parents  perceive  their  interests  are 
better  served  by  having  fewer  children. 

4.  Economic  and  social  development  resulting  from  education  tends 
toward  a  reduction  in  fertility.  As  we  have  pointed  out,  an  increase  in  the 
quality  and  skills  of  the  labor  force,  together  with  other  individual  and  social 
characteristics  related  to  education,  are  probably  the  most  important  ele- 
ments in  economic  and  social  development.  At  the  same  time,  there  is  evi- 
dence that  a  certain  level,  or  rate,  and  character  of  development  are  necessary 
conditions  for  a  marked  decline  in  fertility  under  the  present  circumstances 
of  less  developed  countries.  Although  both  these  propositions  rest  largely  on 
statistical  grounds  and  are  difficult  to  quantify  or  state  in  any  rigorous 
fashion,  the  empirical  relationships  seem  clear.  We  may  say  with  some  convic- 
tion that  an  increase  in  the  quantity,  an  improvement  in  the  quality,  and  a 
raising  of  the  average  level  of  education  in  most  developing  countries  would 
promote  economic  development  and  thus  a  slowing  down  of  population 
growth. 

Time  Lags  in  Educational  and  Economic  Development 

Both  high  rates  of  population  growth  and  the  poverty  that  is  synonymous 
with  underdevelopment  severely  impede  a  rapid  expansion  of  education.  The 
time  lags  for  interaction  between  population  and  economic  change  and  educa- 
tional improvement  are  long.  A  reduction  in  fertility  would  significantly  im- 
prove educational  prospects  only  after  about  10  years;  there  is  also  a  lag  of 
about  10  years  in  the  effects  of  education  on  economic  development  and  on 
fertility.  Neither  the  developed  nor  the  less  developed  countries  can  afford  to 
relax  their  efforts  to  bring  about  a  reduction  in  fertility  by  all  acceptable 
means  or  to  take  advantage  of  every  opportunity  for  capital  investment  and 
institutional  change  that  offers  a  possibility  of  speeding  up  the  development 
process. 

Consequences  for  Public  Health  and  Health  Services* 

Public  health  technology  applied  on  a  mass  scale  in  the  developing  coun- 
tries has  reduced  death  rates  dramatically.  Yet  the  level  of  personal  health 

*See  the  following  chapters  in  Vol.  II  of  this  study:  John  Cassel,  "Health  Conse- 
quences of  Population  Density  and  Crowding";  LesUe  Corsa,  "Consequences  of  Popula- 
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services  for  the  individual  and  the  community  varies  widely  and,  in  general, 
remains  far  below  the  levels  of  the  more  developed  regions.  National  leaders 
and  the  pubhc  aspire  to  a  level  of  health  services  that  will  reduce  mortality 
still  further  and  increase  the  health  and  well-being  of  the  people.  However,  as 
with  education  and  other  public  services,  high  fertility  forces  health  ministries 
to  run  fast  to  stay  in  the  same  place-let  alone  improve  services.  Unlike 
other  services,  however,  personal  health  services  can  have  a  direct  effect  upon 
population  growth  by  reducing  mortahty  and  by  providing  family  planning 
services. 

Governmental  health  expenditures  in  most  developing  countries  are 
between  0.3  and  2.5  percent  of  GNP,  ranging  from  less  than  30  cents  to 
several  dollars  per  person  per  year.  In  most  developed  countries  these  ex- 
penditures are  between  $13  and  about  $75  per  person  and  the  fraction  of 
GNP  is  usually  between  1  and  4  percent. 

Population  Growth  and  Personal  Health  Services 

For  the  next  20  years  at  least,  the  demand  for  health  services  will  outrun 
the  supply— by  any  measure  such  as  doctor/population  ratios  or  number  of 
hospital  beds.  Rapidly  growing  population  combined  with  higher  aspirations 
make  this  inevitable.  A  study  of  doctor  manpower  needs  from  1955  to  1965  in 
thirty -one  developing  countries  illustrates  the  problem  of  numbers.*  To  main- 
tain the  doctor/population  ratios  of  1955,  25  percent  more  doctors  were 
needed  because  of  rapid  population  growth.  To  increase  the  doctor/ 
population  ratio  by  3.3  physicians  per  100,000  people,  from  1 7.9  to  21 .1 ,  50 
percent  more  doctors  were  needed  by  the  end  of  the  10-year  period.  At  zero 
population  growth,  only  18.5  percent  more  doctors  would  have  been 
needed. 

The  age  and  geographical  distribution  of  the  population  also  affects  the 
health  services.  In  a  high-fertihty  community  the  primary  stress  on  health 
services  will  be  the  care  of  mothers  and  children.  The  problems  of  medical 
treatment  for  infants  are  substantially  greater  than  the  problems  of  treating 
young  adults,  and  hence  care  of  the  young  requires  a  higher  doctor/ 
population  ratio  than  the  care  of  people  aged  15  to  45.  The  levels  of  personal 
health  services  are  usually  much  higher  in  urban  areas  than  in  rural  ones,  both 
in  terms  of  numbers  of  physicians  per  capita  and  in  facilities. 

In  a  high-fertility  region  many  women  have  several  pregnancies  very  early 
in  their  childbearing  years  and  continue  to  bear  children  up  to  the  time  of 
menopause.  Very  young  mothers,  older  mothers,  mothers  with  closely  spaced 


tion  Growth  for  Health  Services  in  Less  Developed  Countries-An  Initial  Appraisal";  and 
Abdel  R.  Omran,  "Abortion  in  the  Demographic  Transition." 

*  World  Health  Statistics  Report,  Vol.  21,  No.  11,  Geneva,  1969. 
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pregnancies— all  high-parity  mothers— face  risks.  Except  in  most  favored  socio- 
economic groups,  evidence  suggests  that  a  short  interval  between  pregnancies 
depletes  the  mother's  capacity  to  give  her  baby  a  good  start.  She  also  carries  a 
higher  risk  for  her  own  health  and  safety,  especially  if  she  has  several  preg- 
nancies very  early  in  her  childbearing  years.  Fetal  loss  rate  under  such  circum- 
stances is  higher,  infant  survival  is  lower,  and  malnutrition  and  some  impair- 
ment of  growth  and  development  are  found  in  the  surviving  children.  Mothers 
not  only  suffer  from  illnesses  associated  with  pregnancy  and  childbearing,  but 
are  more  vulnerable  to  other  health  hazards  of  a  more  general  nature.  They 
bear  the  burden  of  caring  for  the  children,  often  under  unfavorable  circum- 
stances and  frequently  with  fewer  opportunities  to  avail  themselves  of  any 
health  services  that  may  exist. 

With  closely  spaced  pregnancies,  or  high  parity,  or  the  combination 
thereof,  there  is  also  greater  risk  of  early  interruption  of  pregnancy  and  of 
prematurity.  Where  breast  feeding  is  the  only  chance  a  child  has  to  survive, 
early  birth  of  another  infant  curtails  the  benefit  from  the  mother's  lacta- 
tion and  predisposes  the  child  to  Kwashiorkor  or  other  types  of  malnutrition. 
Studies  from  the  United  States  and  the  developing  countries  reveal  the  not 
surprising  fact  that,  as  family  size  increases,  per  capita  spending  for  food  goes 
down.  As  a  result,  corresponding  diet  inadequacies  and  nutritional  deficits  are 
common.  Malnutrition  in  childhood  is  usually  not  clearly  identified  in  mor- 
tality statistics,  for  it  is  largely  reflected  in  deaths  from  dysentery,  measles, 
pneumonia,  etc.  to  which  undernourished  children  have  lessened  resistance. 

Abortion 

Rapid  population  growth  is  usually  paralleled  by  a  lack  of  community 
experience  in  the  use  of  contraceptives.  The  result  is  a  large  number  of 
unwanted  pregnancies,  and,  in  many  countries,  frequent  resort  to  induced 
abortion,  particularly  when  the  desirability  and  feasibility  of  limiting  family 
size  become  recognized. 

Abortion  is  widely  considered  both  a  social  and  a  medical  (or  health 
service)  problem.  The  sociocultural  aspects  of  this  problem  are  so  varied  and 
so  intimately  associated  with  the  historical,  legal,  and  religious  patterns  of 
individual  countries  that  it  is  difficult  to  attempt  any  brief  analysis  of  their 
complexity  or  to  generalize  about  the  way  rapid  population  growth  affects 
specific  situations.  It  is  possible,  however,  to  assemble  an  impressive  amount 
of  evidence  to  give  weight  to  two  generalizations  about  abortion. 

First,  it  appears  that  as  traditional  societies  (no  matter  where)  begin  to 
make  the  transition  from  high  to  low  fertility,  the  popularity  of  induced 
abortion  as  a  method  of  fertility  control  rises  markedly.  It  may  even  reach 
what  has  been  termed  epidemic  proportions  in  some  societies.  Second,  law- 
making bodies  are  becoming  increasingly  convinced  by  the  argument  that  the 
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costs  and  dangers  of  illegal  and  unskilled  abortions  outweigh  whatever  other 
arguments  are  advanced  in  behalf  of  restrictive  abortion  laws.  Arguments  for 
community  health  and  safety,  and  for  women's  personal  freedom,  are  carry- 
ing the  day  in  many  communities,  although  the  acceptance  of  legal  abortion 
is  far  from  uniform  from  one  society  to  another  or  within  societies. 

To  the  health  planner  this  situation  presents  some  very  serious  questions, 
whether  abortion  is  a  legal  or  extra-legal  means  of  fertility  control.  The 
prevalence  of  induced  abortion  beyond  the  law  (particularly  if  in  epidemic 
proportions)  results  in  serious  demands  on  health  services  for  medical  salvage 
procedures.  In  some  hospitals  in  developing  areas,  from  one  fourth  to  one 
third  of  hospital  maternity  beds  are  used  for  postabortion  cases.  Yet  low-cost 
legal  abortion  service  cannot  be  provided  unless  there  is  a  realistic  resource 
base  of  facilities  and  trained  personnel.  This  must  be  one  element  in  the 
decision  whether  to  provide  legal  abortion  faciUties  as  a  major  component  of 
a  fertility  control  program  designed  to  contribute  to  social  and  economic 
development.  Insofar  as  possible,  the  need  for  abortion  should  be  minimized 
by  providing  women  who  wish  to  avoid  pregnancy  with  easy  access  to  contra- 
ceptive materials  and  information. 

However,  the  complete  elimination  of  abortion  through  the  effective  use 
of  contraceptives  is  a  distant  and  probably  not  attainable  goal.  In  those 
societies  in  which  the  drive  to  hmit  family  size  is  strong,  the  use  of  abortion 
tends  to  rise.  It  also  tends  to  rise  after  the  inception  of  effective  and  extensive 
contraception  programs  which  help  to  inculcate  a  small-family  norm.  None- 
theless, experience  in  Japan  and  the  USSR  shows  that  the  goal  of  eventually 
decreasing  the  rate  of  induced  abortion  by  the  use  of  other  family  planning 
methods  is  feasible  when  accompanied  by  intensive  education  and  informa- 
tion programs. 

Family  Planning 

The  leaders  of  many  developing  countries  see  high  natality  levels  as  a 
handicap  to  overall  development.  During  the  next  20  years  the  trend  toward 
expanded  and  intensified  family  planning  programs  will  undoubtedly  in- 
crease. In  some  societies,  there  are  already  attempts  to  achieve  specific  lower 
levels  of  population  growth.  In  others  the  emphasis  is  more  general— to  im- 
prove maternal  and  child  health  and  to  alleviate  the  poverty  that  is  associated 
with  large  families. 

A  national  family  planning  program  and  government  health  services  can 
interact  in  three  ways: 

(1)  Particularly  where  a  variety  of  fertility-control  methods  is  offered,  and 
especially  if  these  include  sterilization  or  abortion,  the  family  planning  pro- 
gram will  often  be  a  part  of  the  personal  health  services  provided  by  the 
government.  The  requirements  for  frontUne  workers  are  different  for  some 
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kinds  of  family  planning  programs  than  for  other  health  services;  the  program 
management  should  have  a  high  and  semi-autonomous  status;  and  the  costs 
should  be  considered  as  new  and  additional  to  those  for  other  services. 

(2)  If  a  drop  in  birth  rates  results  from  the  family  planning  program,  the 
need  for  personal  health  services  will  be  less  than  it  would  be  with  continuing 
high  fertility.  For  example,  in  a  country  in  which  the  level  of  health  services 
is  being  doubled,  a  25  percent  decline  in  average  rate  of  population  growth 
would  produce  a  1 5  percent  saving  in  annual  health  expenditures  at  the  end 
of  20  years,  compared  to  the  expenditures  required  if  the  rate  of  population 
growth  is  unchanged.  The  effect  on  maternal  and  child  health  services  will  be 
proportional  to  the  decline  in  birth  rates  and  will  be  felt  as  soon  as  a  decline 
occurs. 

(3)  The  family  planning  program  may  compete  with  the  personal  health 
services  for  scarce  medical  facilities  and  personnel,  including  physicians  and 
trained  nurses.  Where  family  planning  programs  and  health  services  are  com- 
bined, there  may  also  be  a  direct  competition  for  funds;  the  budget  for  an 
effective  family  planning  program  is  Ukely  to  be  at  least  half  the  health 
services  budget  in  those  developing  countries  that  spend  less  than  1  percent  of 
GNP  on  health.  Competition  for  personnel,  faciUties,  and  funds  will  arise  as 
soon  as  the  family  planning  program  is  initiated,  before  it  has  had  an  appre- 
ciable effect  on  fertility.  The  extra  demand  for  physicians  can  be  minimized 
by  employing  family  planning  workers  who  are  not  physicians,  but  who  have 
been  especially  trained  to  carry  out  the  necessary  physical  examinations  and 
other  activities  required  in  the  family  planning  program.  This  has  been  tried 
successfully  in  Pakistan.  Modern  techniques  for  induced  abortion  greatly  re- 
duce the  time  requirements  for  physicians  to  perform  abortions,  and  the 
number  of  days  spent  in  hospitals  by  abortion  patients. 

Health  Consequences  of  Density  and  Crowding 

The  commonly  held  view  that  crowding  and  population  density,  per  se, 
have  deleterious  effects  on  health  probably  derives  largely  from  four  empiri- 
cal observations:  (a)  Traditionally  the  densely  populated  (i.e.,  urban)  areas 
have  reported  higher  death  and  morbidity  rates,  (b)  Industrialization  and  ur- 
banization have  frequently  been  followed  by  dramatic  increases  in  death  rates 
attributable  to  infectious  diseases,  (c)  Studies  of  military  training  camps  have 
reported  exceptionally  high  rates  of  virus  diseases,  (d)  In  some  laboratory 
studies,  deleterious  health  consequences  are  noted  as  the  number  of  animals 
housed  together  is  increased. 

The  orthodox  explanation  for  these  observations  is  that  crowding  increases 
infectious  disease,  mainly  through  a  greater  opportunity  for  the  spread  of 
infection.  For  example,  outbreaks  of  upper  respiratory  infection  among 
recruits  in  mihtary  training  camps  are  explained  as  the  result  of  the  herding 
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together  of  large  numbers  of  susceptible  young  men  with  a  few  infected 
individuals.  But  there  is  evidence  that  crowding  also  has  other  injurious  health 
effects,  which  occur  primarily  during  the  period  when  the  degree  and  extent 
of  crowding  is  rapidly  increasing.  The  effects  appear  to  be  much  less  serious 
when  the  rate  of  crowding  is  slow  and  the  crowded  population  has  sufficient 
time  to  become  adapted  to  its  environment. 

Thus  rapid  population  growth  and  its  accompanying  rapid  urbanization  are 
probably  more  injurious  to  health  than  actual  population  density.  In  many 
cases,  however,  it  is  difficult  to  isolate  the  effects  of  crowding,  as  such,  from 
other  conditions,  such  as  poverty,  poor  nutrition,  poor  housing,  and  pollu- 
tion, which  formerly  characterized  all  cities  and  still  prevail  in  the  rapidly 
grov^ng  cities  of  the  poor  countries,  and  in  the  "inner  cities"  of  the  United 
States. 

Before  the  modern  era,  cities  were  often  called  "eaters  of  men"— their 
birth  rates  were  usually  lower  than  their  death  rates,  and  the  population  was 
maintained  by  continuing  migration  from  the  countryside.  Even  as  late  as 
1950,  urban  death  rates  in  the  United  States  were  sUghtly  higher  than  rural 
ones.  But  by  1960  the  situation  had  reversed,  and  in  1966  death  rates  in  cities 
and  towns  were  only  half  as  high  as  those  in  rural  areas.  The  incidence  of 
infectious  illness  was  much  lower.  This  was  at  least  partly  the  result  of  better 
sanitation  and  health  facilities  in  the  cities  and  suburban  towns,  relative  to 
the  rural  areas,  plus  the  fact  that  migration  of  younger  people  to  the  cities 
had  left  an  older,  more  susceptible  population  behind  in  the  countryside. 
Low  morbidity  and  mortality  also  characterize  crowded  areas  in  other  coun- 
tries with  higli  levels  of  health  services  and  sanitation.  For  example,  although 
Hong  Kong  and  Holland  have  very  liigh  population  densities,  they  are  said  to 
enjoy  two  of  the  highest  levels  of  physical  and  mental  health  in  the  world. 
The  levels  of  mortality  and  morbidity  in  the  densely  populated  cities  and 
towns  of  Great  Britain  are  about  the  same  as  those  in  rural  areas. 

Both  animal  experiments  and  experience  with  human  beings  indicate  that 
social  stresses  due  to  crowding  produce  physiological  disturbances.  In  turn, 
these  increase  susceptibility  to  both  infectious  and  noninfectious  disease.  The 
effects  are  most  severe  before  individuals  have  had  time  to  become  adapted  to 
the  crowded  conditions.  In  animals,  physiological  changes  occur  during  the 
period  when  the  size  of  the  population  in  the  same  space,  that  is,  the  popula- 
tion density,  is  increasing.  These  changes  include  increased  adrenal  and  other 
endocrine  secretions  and  a  higher  level  of  activation  of  the  central  nervous 
system.  It  is  believed  that  they  result  from  increased  social  interactions  which 
enhance  emotional  involvement  and  produce  excessive  sensory  stimuli.  Ani- 
mals in  subordinate  positions  within  the  group  tend  to  respond  in  a  far  more 
extreme  fashion  than, those  at  the  top  of  the  social  hierarchy,  both  in  the 
volume  of  endocrine  secretions  and  in  manifestations  of  disease  and  pathol- 
ogy. After  the  population  has  reached  its  maximum  size  and  has  become 
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adapted  to  the  crowded  conditions,  the  level  of  physical  pathology  drops  to 
that  of  animals  living  in  an  uncrowded  environment. 

Some  of  the  ameliorating  effects  of  urban  adaptation  in  human  beings  are 
suggested  by  the  death  rates  from  lung  cancer  in  the  United  States.  When 
controlled  for  the  degree  of  cigarette  smoking,  these  death  rates  are  consider- 
ably higher  in  farm-born  people  who  have  migrated  to  cities  than  in  Hfe-long 
city  dwellers.  In  a  study  of  Appalachian  mountaineers  working  in  an  urban 
factory,  it  was  discovered  that  the  first  generation  suffered  from  a  high  rate 
of  illness  and  absenteeism;  their  sons  did  not. 

In  the  rapidly  growing  cities  of  developing  countries,  the  newcomers  can 
be  expected  to  be  at  the  highest  risk  for  another  reason  as  well.  A  frequent 
accompaniment  to  urbanization  is  the  atomization  or  destruction  of  the 
family  and  kinship  groups  that  provide  protection  and  emotional  support  to 
rural  individuals.  In  the  course  of  time,  new  types  of  groups  develop  in  the 
cities  to  fulfill  some  of  these  functions,  but  it  is  often  difficult,  particularly 
for  newcomers,  to  become  effectively  integrated  into  these  groups.  Individ- 
uals who  are  deprived  of  such  meaningful  group  relationships,  exposed  to 
ambiguous  and  conflicting  demands  for  which  they  have  had  no  previous 
experiences,  and  frustrated  at  achieving  their  goals  and  aspirations,  may  be 
more  likely  to  become  victims  of  both  infectious  and  noninfectious  disease. 
Insofar  as  this  effect  exists,  it  is  difficult  to  distinguish  from  the  direct  conse- 
quences of  a  rapid  increase  in  the  level  of  urban  crowding. 

It  should  be  evident  from  this  discussion  that  the  magnitude  and  nature  of 
the  effects  of  crowding  on  human  beings  are  highly  uncertain.  Much  research 
is  needed  to  clarify  and  quantify  them. 

Consequences  for  Children* 

Many  studies  have  been  made  of  the  effects  of  family  size  on  the  well- 
being  of  children  within  the  family.  In  families  with  many  children  there  are 
more  malnutrition  and  illness  of  children  than  in  small  families;  higher  mor- 
tality rates  among  younger  children;  slower  physical  growth;  and  less  intel- 
lectual development.  Family  size  is  not  the  only  cause  of  these  effects,  but  it 
is  probably  an  important  element  in  the  interacting  network  of  causes. 

Excessive  "crowding"  of  children,  especially  in  a  family  with  a  young 
mother,  seems  to  produce  the  same  effects  as  excessive  numbers  of  children. 
That  is,  the  effects  of  short  spacing  between  births  are  about  the  same  as 
those  of  large  numbers  of  children  in  the  family. 


*See  Joe  D.  Wray,  "Population  Pressure  on  Families:  Family  Size  and  Child  Spacing, 
in  Vol.  II  of  this  study. 
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Infant  and  Child  Mortality  Related  to  Family  Size,  Birth  Interval 

In  less  developed  countries  infant  and  child  mortality  is  much  higher  in 
large  famiUes  than  in  small  ones.  For  example,  in  eleven  villages  of  the  Indian 
Punjab  during  1955-58,  206  out  of  1,000  children  died  during  the  first  year 
of  life  in  families  in  which  the  mother  had  given  birth  to  seven  or  more  Hving 
children.  In  families  of  only  two  children,  the  infant  mortality  was  1 16  out  of 
1,000.  The  difference  in  mortality  rates  was  even  larger  for  children  between 
1  and  2  years  of  age— 95  per  1 ,000  for  the  children  in  families  of  seven  or 
more  live  births  and  16  per  1,000  for  two-child  families.  The  same  propor- 
tionate differences  in  mortality  rates  between  children  of  small  and  large 
families  are  found  in  New  York  City,  though  the  levels  of  mortaUty  are  very 
much  lower. 

The  effects  of  short  birth  intervals  on  infant  and  child  mortality  in  low 
income  families  are  painfully  illustrated  by  data  from  these  Punjabi  villages. 
In  1955-58,  310  out  of  1,000  children,  born  less  than  a  year  after  a  preced- 
ing child,  died  during  the  first  2  years  of  Ufe.  This  mortality  rate  was  55 
percent  greater  than  that  of  children  born  between  3  and  4  years  after  a 
previous  birth,  and  more  than  twice  as  high  as  the  mortality  rate  among 
children  born  after  an  interval  of  more  than  4  years.  The  proportional  differ- 
ences in  deaths  during  the  second  year  of  life  between  the  three  groups  of 
children  were  about  twice  as  large  as  the  differences  during  the  first  year, 
though  the  mortality  rates  were  considerably  lower. 

Family  Size  and  Physical  Development 

In  low  income  countries  the  high  mortality  rates  among  children  in  large 
families,  and  in  families  with  close  birth  intervals,  are  in  part  due  to  mal- 
nutrition. The  greater  the  sibling  number,  the  greater  the  likelihood  of 
malnutrition  among  poor  families.  Studies  of  preschool  children  in  Colombia, 
for  example,  show  that  52  percent  of  the  children  in  families  in  which  there 
were  five  or  more  preschool  children  were  seriously  malnourished,  whereas 
only  34  percent  of  children  in  families  with  only  one  preschool  child  were 
malnourished.  In  Thailand,  of  the  children  whose  next  youngest  sibling  was 
born  within  24  months,  70  percent  were  malnourished;  of  those  in  families 
without  a  younger  sibling,  only  37  percent. 

Since  growth  is  related  to  nutrition,  it  would  be  expected  that  the  height 
and  weight  of  children  in  large  families  would  be  smaller  on  the  average  than 
in  small  families.  Even  in  high  income  countries  the  children  of  poor  families 
are  larger  at  any  given  age  when  the  number  of  children  in  the  family  is  small. 
For  example,  of  2,169  London  day  school  students  1 1.25  years  old,  children 
from  one-child  families  were  about  3  percent  taller  and  17  to  18  percent 
heavier  than  children  from  families  with  five  or  more  children. 
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The  difference  in  physical  growth  between  children  of  small  and  large 
families  in  Great  Britain  seems  to  affect  mainly  the  poorer  social  classes.  In 
the  higher  income  classes  boys  in  families  with  three  or  more  children  are 
taller  at  all  ages  than  boys  in  small  families;  the  reverse  is  true  for  girls.  In  the 
upper  and  lower  manual  working  classes  children  in  small  families  average  3-4 
percent  taller  than  those  in  large  families  at  7  and  1 1  years  of  age,  and  1.4  to 
2.8  percent  taller  at  15  years. 

Effects  on  Intelligence  and  Educational  Performance 

Large  numbers  of  children  in  the  fam.ily  diminish  not  only  physical  size 
but  also  linguistic  skills,  intelligence  as  measured  by  intelligence  tests,  and 
educational  performance.  These  elements  are  to  some  extent  interrelated;  for 
example,  heavier  children  mature  earlier,  and  early  maturers  do  better  in 
school  than  late  maturers.  Experiments  show  that  the  apathy  that  is  a  major 
consequence  of  malnutrition  is  highly  correlated  with  such  psychological  ele- 
ments as  lack  of  ambition,  low  self-discipline,  low  mental  alertness,  and  in- 
ability to  concentrate. 

Both  physical  growth  and  the  greater  cultural  nurture  associated  with 
small  families  appear  to  affect  intelligence.  In  the  sample  of  British  day 
school  children,  intelligence  increased  with  height  and  decreased  with  family 
size.  The  average  verbal  reasoning  scores  of  children  over  135  centimeters  tall 
in  families  of  one  or  two  children  were  5  to  7.5  percent  higher  than  those  of 
children  of  the  same  height  in  families  of  four  or  more  children.  The  differ- 
ence for  children  of  the  same  age  but  less  than  135  centimeters  tall  between 
large  and  small  families  averaged  about  7  percent.  Tall  children  from  both 
large  and  small  families  scored  about  6  percent  higlier  than  short  children. 

In  studies  of  Scottish  children  the  average  I.Q.  of  only  children  was  113, 
that  of  children  with  five  or  more  siblings  was  91.  In  France,  only  children 
between  the  ages  of  6  and  12  had  an  average  mental  age  1  to  2  years  higher 
than  children  with  eight  or  more  siblings. 

The  differences  in  educational  performance  between  children  in  small  and 
large  families  are  especially  significant  when  the  families  are  separated  by 
social  class.  Data  from  the  British  National  Survey  of  Health  and  Develop- 
ment show  the  performance  of  children  in  families  of  different  size  in  educa- 
tional tests  at  8  and  1 1  years  of  age.  In  the  upper  manual  working  class,  only 
children  and  those  in  two-child  families  scored  about  1 1  percent  higher  than 
children  in  families  of  six  and  about  26  percent  higher  than  children  in 
families  of  seven  or  more  children.  The  difference  in  the  lower  manual  work- 
ing classes  between  only  children  and  children  in  large  families  was  about  17 
percent.  In  the  upper  middle  class  the  difference  in  educational  performance 
between  children  in  large  and  small  families  was  somewhat  less  than  9  per- 
cent. The  difference  in  educational  performance  in  all  classes  was  slightly 
larger  at  1 1  years  than  at  8. 
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A  study  in  Scotland  found  the  negative  correlation  between  intelligence 
test  scores  and  number  of  siblings  held  true  for  all  social  classes.  In  France,  it 
was  "clearly  apparent"  for  children  of  farmers  and  manual  workers,  but 
"barely  discernible"  for  children  of  the  professional  classes. 

That  the  difference  in  children  of  large  and  small  families  persists  in  adult 
life  is  indicated  by  the  average  scores  of  army  recruits  on  tests  of  different 
types  in  Great  Britain.  In  the  tests  that  measured  general,  verbal,  and  special 
mechanical  intelligence,  the  recruits  from  small  families  scored  11  to  16 
percent  higher  than  those  from  families  with  five  or  more  children,  and  the 
difference  increased  with  increasing  family  size.  On  the  other  hand  the  differ- 
ence in  tests  of  physical  ability  was  much  smaller,  only  about  5  percent. 

Possible  Reasons  for  Greater  Intelligence  in  Children  of  Small  Families.  It 
is  likely  that  the  ability  to  think  abstractly,  which  underlies  most  kinds 
of  human  problem-solving,  develops  at  an  earlier  age  and  to  a  greater  degree  if 
children  learn  the  necessary  verbal  skills  either  from  adults  or  from  siblings 
considerably  older  than  themselves.  The  smaller  the  family  size,  the  easier  it 
will  be  for  children  to  develop  such  skills.  These  concepts  receive  support 
from  psychological  evidence  that  suggests  that  a  young  child's  intelligence 
level  can  be  raised  by  the  environment  in  which  he  is  brought  up,  including 
the  cultural  stimuli  provided  by  the  family,  or  by  an  urban  setting.  A  high 
proportion  of  persons  of  outstanding  intellectual  achievement  were  either 
only  children  or  came  from  families  in  which  there  was  a  large  age  gap 
between  siblings. 

Children  in  large  families  may  suffer  more  maternal  deprivation  because  of 
greater  maternal  illness  and  the  stress  of  large  numbers  of  children  on  the 
mother.  The  effects  of  extreme  maternal  deprivation  are  drastic  and  impres- 
sive. They  result  in  lower  linguistic  skills  and  I.Q.  scores  and  less  success  in 
later  life.  In  one  study,  50  percent  of  children  deprived  of  maternal  care  were 
in  a  state  of  dazed  stupor— apathetic,  silent  and  sad,  making  no  attempt  to 
make  contact  with  others,  often  suffering  from  insomnia,  prone  to  infection, 
and  dropping  behind  other  children  in  development.  The  effect  of  extreme 
maternal  deprivation  is  also  well  shown  by  comparing  children  brought  up  in 
institutions  with  those  brought  up  in  foster  homes  from  early  infancy.  At  the 
age  of  3  years  the  I.Q.'s  of  the  institutionalized  children  were  28  points  lower 
than  those  of  the  children  who  had  been  cared  for  by  foster  parents. 

An  important  question  remains  unanswered:  Would  the  parents  of  large 
families  among  the  poor  have  provided  better  for  their  children  if  they  had 
had  fewer  of  them,  and  would  the  children,  in  consequence,  have  achieved 
greater  physical  and  intellectual  development?  Parents  who  do  limit  family 
size  may  be  qualitatively  different  from  those  who  do  not.  If  the  difference 
exists,  it  might  result  in  both  smaller  numbers  of  children  and  healthier,  more 
intelligent  children  in  some  families  than  in  others.  Alternatively,  parents  who 
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do  not  limit  family  size  may  have  the  same  potential  as  those  who  do,  but 
because  they  lack  knowledge  of,  or  access  to,  means  of  limiting  family  size, 
they  are  unable  to  do  so,  with  the  result  that,  because  of  excessive  family 
size,  their  children  are  subject  to  more  illness,  receive  less  adequate  nutrition, 
fail  to  grow  well,  and  do  not  achieve  their  full  potential  for  intellectual 
development. 

These  two  alternatives  are  not  mutually  exclusive.  The  first  may  apply  to 
some  parents,  the  second  to  others.  As  we  have  seen,  there  is  evidence  that 
most  parents  in  the  less  developed  countries  would  like  to  control  their 
family  size.  Many  of  them  have  more  living  children  than  they  wanted  to 
have.  For  those  parents  to  whom  the  second  alternative  appUes,  the  number 
of  children  they  wanted  might  have  been  better  cared  for  if  the  ones  they  did 
not  want  had  not  been  born.  If  effective  means  were  made  available  for  all 
parents  who  want  to  control  their  family  size  to  do  so,  a  considerable  propor- 
tion might  use  these  means,  and  be  better  parents  as  a  consequence. 

Importance  of  Intelligence  for  Development.  Intellectual  capacity  and  the 
ability  to  manipulate  abstractions  that  typify  educated  intelligence  are  im- 
portant to  economic  development  not  only  through  the  contribution  of 
skilled  specialists,  such  as  engineers,  lawyers,  physicians,  architects,  and 
teachers,  but  also  because  of  the  broad  category  of  managerial  skills,  from 
farm  budgeting  to  central  administration,  that  rest  on  intellectual  capacity 
and  the  greater  abiHty  of  intelligent  workers  to  adapt  to  change  and  innova- 
tion. 

Environment  and  the  Quality  of  Life* 

The  assertion  that  rapid  population  growth  adversely  affects  man's  envi- 
ronment and  the  quaUty  of  life  itself  is  rarely  challenged.  In  developed  areas 
we  see  the  sky  above  the  city  veiled  in  thick  smog,  mining  scars  in  mountain- 
sides, dying  lakes,  rivers  discolored  from  industrial  effluents,  billboards  along 
highways,  conversations  interrupted  by  overpowering  noises  from  passing  jet 
planes,  spots  of  scenic  beauty  marred  by  accumulations  of  empty  containers 
and  transistor  radio  chatter— an  incomplete  list  that  increases  year  after  year; 
in  less  developed  areas— wildhfe  displaced  by  artificial  lakes,  new  irrigation 
canals  spreading  schistosomiasis  to  previously  uninfected  areas,  land  that 
should  not  be  cultivated  denuded  and  eroded,  and  native  populations  up- 
rooted. Although  each  encounter  with  these  environmental  insults  seems  re- 
newed evidence  that  the  quality  of  Ufe  is  indeed  deteriorating,  a  number  of 
questions  must  be  asked  about  the  role  of  population  growth. 

♦See  Joseph  L.  Fisher  and  Neal  Potter,  "The  Effects  of  Population  Growth  on  Re- 
source Adequacy  and  Quality,"  in  Vol.  II  of  this  study. 
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Population- Only  One  Variable 

First,  population  growth  is  only  one  of  several  variables  that  affect  the 
quality  of  life,  however  defined.  Per  capita  income,  the  state  of  technology, 
the  degree  of  concentration  of  human  settlements,  and  the  social  and  cultural 
diversity  of  the  population  are  others.  There  is  little  doubt  that,  at  least  in  the 
developed  countries,  sheer  numbers  are  not  nearly  as  important  in  causing 
pollution  as  are  the  high  levels  of  consumption  and  the  by-products  of  a 
highly  developed  and  diversified  technology.  As  pointed  out  in  the  section 
dealing  with  resources,  the  rise  in  energy  consumption,  for  example,  is  due  far 
more  to  increases  in  per  capita  income  than  to  the  growth  of  population,  and 
many  adverse  effects  can  be  attributed  to  technical  factors  that  are  not  in- 
evitable concomitants  of  energy  production  and  consumption.  Thus  it  would 
be  a  gross  oversimplification  to  blame  numbers  of  people  alone  for  the  set  of 
problems  confronting  modern  society.  Moreover,  it  is  impossible  to  isolate 
the  effects  of  a  single  variable— like  population— and  picture  life  in  a  world 
adjusted  for  a  different  value  of  that  variable  unless  we  allow  for  inescapably 
associated  changes  in  other  variables.  We  may  shed  tears  for  the  adversities  or 
insults  that  confront  us,  especially  as  we  compare  them  with  our  private 
visions  of  what  might  have  been  or  could  be,  but  we  can  never  know  what 
tears  we  might  have  shed  had  different  combinations  of  factors  given  us  a 
different  world. 

Preferences  and  Costs 

For  example,  in  the  United  States  or  western  Europe  the  relatively  low 
price  of  owning  and  operating  private  automobiles,  closely  associated  with 
the  rise  of  a  mass  market  due  to  a  large  population  and  high  incomes,  has 
been  a  prime  factor  in  making  faraway  places  accessible,  but  the  same  auto- 
mobiles in  urban  areas  produce  noxious  gases  that  now  befoul  the  air  beyond 
the  air's  capacity  to  dilute  or  transport  them.  What  is  the  net  effect  on  the 
quality  of  life?  Where  is  the  trade-off  between  newly  won  mobility  and  clean 
air?  Would  the  benefits  of  overcoming  the  adverse  by-product,  through  new 
technology  or  through  the  modification  of  economic  incentives,  or  both,  be 
sufficiently  attractive  to  stimulate  manufacturers  and  users  to  pay  the  costs 
of  developing  and  using  products  that  do  not  befoul  the  air? 

The  point  is  that  our  reactions  tend  to  be  lopsided.  In  a  way,  the  interest 
rate  by  which  we  discount  the  future  also  operates  in  looking  back,  but  un- 
evenly. The  ugliness,  dangers,  and  adversities  of  the  past  (called  "the  good  old 
times")  are  heavily  discounted  in  comparison  with  those  of  the  present.  Eval- 
uating "trends"  becomes  a  matter  of  impressions,  difficult  if  not  impossible 
to  define  in  some  objective  fashion.  Thus  we  are  driven  to  look  for  more 
reliable  indicators,  such  as  conditions  of  the  environment,  natural  and  man- 
made,  that  we  can  measure,  albeit  with  difficulty. 
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Yet  a  new  difficulty  arises.  The  question  of  what  constitutes  "the  good 
life"  is  as  old  as  man.  What  is  new  is  that,  for  much  of  man's  existence,  it  has 
been  up  to  him,  within  limits,  to  elect  to  lead  the  good  life.  Today  we 
question  the  quality  of  life,  because  it  is  perceived  that  deterioration  is  im- 
posed upon  us,  since  it  operates  on  the  environment  in  which  we  live. 

To  be  sure,  people  do  not  prefer  polluted  rivers  and  air  or  demand  jet 
noises  or  billboards  as  conditions  of  their  continuing  happiness.  Indeed,  these 
decisions  do  not  ordinarily  confront  them.  When  they  contract  to  buy  a  good 
or  service,  the  price  does  not  include  the  portion  usually  referred  to  as  "social 
costs,"  i.e.,  costs  that  are  imposed  on  society  as  a  whole,  or  a  given  part  of  it, 
such  as  degradation  of  river  water,  of  air,  of  a  tract  of  landscape,  etc.  The 
market  fails  to  let  all  who  are  affected  participate.  Participators  include, 
beyond  the  buyer  and  the  seller,  others  living  and  people  yet  unborn,  whose 
lives  will  be  affected  by  choices  made  now.  The  market  reflects  only  a  slice, 
albeit  a  large  one,  of  the  interests  and  costs  involved.  By  excluding  the  social 
costs,  it  leaves  them  to  be  dealt  with  by  different  means,  if  at  all.  When  they 
appear  in  a  context  that  requires  citizens  to  make  a  decision  to  forego  other 
advantages  and  perhaps  to  pay  directly,  there  is  evidence  that  the  associated 
price  tag  tends  to  lower  the  priority  of  the  necessary  remedial  action.  People 
will  complain  vigorously  about  the  garbage  that  accumulates  in  public  places, 
including  those  of  scenic  beauty,  and  will  demand  remedial  action;  but  until 
they  begin  to  perceive  the  ecological  damage  they  suffer,  they  tend  to  resist 
more  than  nominal  charges  to  alleviate  the  situation.  Under  these  circum- 
stances, the  pocketbook  is  a  fair  indicator  of  these  preferences,  and  that 
indicator  throws  doubt  on  the  intensity  with  which  people  deplore  various 
well-known  blights— even  in  these  times  of  deep  concern  about  the  environ- 
ment. If  social  costs  were  included  in  the  price  of  goods  and  services,  those 
with  high  social  costs  would  be  less  in  demand  and  the  shift  in  consumption 
patterns  would  lead  to  an  enhancement  of  environment. 

Some  observers  contend  that  preferences  revealed  in  market  behavior  are 
not  reliable  guides  to  perception;  instead,  people  act  in  certain  ways  because 
either  (a)  they  have  no  option  to  act  differently  (that  is,  they  go  to  crowded 
places  because  they  do  not  have  the  means  to  go  to  those  that  are  less 
crowded),  or  (b)  they  are  uninformed  or  ignorant  of  ways  to  act  that  would 
lead  them  to  treasure  those  aspects  of  life  that  are  being  appreciated  by  the 
"sensitive  few,"  and  give  proper  weight  to  societal  problems.  That  is,  were  it 
not  for  market  failure  and  insufficient  information,  people's  preferences 
would  reveal  greater  concern  for  quality. 

Actually,  little  is  known  about  preferences— how  many  prefer,  say,  rubbing 
shoulders  as  opposed  to  the  number  seeking  solitude.  Moreover,  relevant 
research  would  have  to  take  account  of  the  fact  that  solitude,  beauty,  and 
similar  intangibles  are  obtainable  only  at  a  cost,  and  a  rising  one.  It  is  quite 
possible  that  a  generation  born  and  raised  under  conditions  of  crowding  will 
not  object  to,  and  in  fact  may  feel  more  comfortable  in,  crowds. 
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In  developed  countries  the  upper  and  middle  income  groups  take  material 
advantages  for  granted  and  are  acutely  conscious  of  the  secondary  effects 
these  advantages  produce.  In  the  same  societies  the  lower  income  groups  are 
far  more  conscious  of  their  material  needs  and  tend  to  ignore  side  effects. 

Measuring  Changes  in  Quality  of  Life 

Measuring  changes  in  the  quality  of  life  should  take  account  of  both 
improvements  and  deteriorations.  It  should  be  a  weighted  average  taking 
account  of  differences  in  preferences  and  reactions  at  specified  levels  of  cost, 
and  perhaps  of  intensities  of  such  preferences  (which  surely  would  have  a 
very  real  effect  in  a  market  situation). 

It  is  one  thing  to  judge  that  things  are  "bad"  and  quite  another  to  judge 
that  they  are  "worse."  As  has  been  suggested,  there  is  little  evidence  on  the 
second,  especially  as  one  looks  further  and  further  back  and  is  careful  to  add 
up  the  pluses  and  minuses.  There  is,  on  the  other  hand,  widening  and  justified 
attention  to  how  "bad"  matters  are  in  terms  of  quality. 

Partial  answers  can  be  obtained  by  considering  deterioration  of  specific 
aspects  of  life.  Although  good  measurements  still  are  scarce,  air  pollution, 
water  pollution,  urban  density,  overcrowding  of  recreation  areas,  etc.,  as 
evidenced  in  recent  years,  suggest  a  worsening.  To  the  best  of  our  knowledge, 
these  conditions  have  not  as  yet  become  irreversible  (except  for  vanished 
species);  that  is,  they  are,  at  a  cost,  amenable  to  treatment  by  both  new 
technology  and  changes  in  incentives  and  institutions.  It  is  perhaps  worth 
noting,  however,  that  the  one  area  probably  least  amenable  to  such  treatment 
is  deterioration  in  the  "space-solitude-privacy"  complex  due  to  sheer  rise  in 
numbers  of  people  (from  the  subway  rush  to  the  crowded  recreation  spot),  a 
phenomenon  to  which  there  is  as  yet  no  promising  approach.  This  statement 
is  not  contradicted  by  the  likelihood  that  life  in  a  metropolis  can  provide 
more  social  privacy  than  in  a  small  town.  There  are  a  few  well-developed 
devices  for  dealing  with  the  "overload"  of  environmental  stress  caused  by 
numbers  and  proximity.  But  the  intrusions,  especially  those  of  a  physical 
kind,  become  harder  to  ward  off,  notwithstanding  adaptive  behavior.  And 
they  surely  are  a  factor  in  the  quality  of  life. 

Problems  in  Low  Income  Countries 

Most  of  what  has  just  been  described  applies  more  to  high  income  than  to 
low  income  countries,  partly  because  living  at  the  margin  of  subsistence  in 
developing  countries  allows  little  to  be  finally  disposed  of  or  abandoned,  i.e., 
the  rate  of  recycling  is  high.  Low  income  restricts  both  the  magnitude  and  the 
variety  of  consumption,  including  consumption  of  energy  in  all  its  manifesta- 
tions. The  ills  caused  by  poverty  leave  little  room  for  concern  about— or 
expenditures  for— the  environment  in  ways  that  now  preoccupy  many  people 
in  high  income  countries. 
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The  kinds  of  environmental  adversity  that  exist  for  the  less  developed 
countries  result  much  more  from  rapid  population  growth  combined  with  a 
lack  of  technology  than  from  rising  incomes  and  the  presence  of  new  tech- 
nology. In  agricultural  areas,  extension  of  cropping  into  rain-fed  areas  that  are 
at  best  suitable  only  for  grazing,  and  of  grazing  into  areas  that  should  not 
even  be  grazed— prevalent  over  much  of  the  arid  Middle  East,  for  example- 
has  led  to  extremely  poor  soil  conditions,  remediable  in  part  by  better  man- 
agement (e.g.,  controlled  grazing)  and  new  technology  (scientific  farming). 

Many  of  the  savannah  or  semi-desert  areas  .  .  .  are  the  worst  abused  land 
resources  and  the  resulting  erosion  presents  a  major  problem  requiring  not 
only  technical  solutions  but  legal  and  social  regulation  of  grazing  use,  a 
very  difficult  task  to  enforce  in  nomadic  or  semi-nomadic  communities.* 

Rapidly  rising  population  aggravates  this  kind  of  resource  pressure,  as  well  as 
the  pressure  caused  by  a  lack  of  cheap  fuel,  leading  in  many  places  to  near- 
total  gathering  as  fuel  wood  of  any  shrublike  vegetation  that  might  otherwise 
begin  to  take  hold. 

Large  new  engineering  structures,  especially  dams  and  lakes,  although  per- 
mitting increased  production  also  bring  their  share  of  ecological  problems. 
Extension  of  waterborne  diseases,  of  undesirable  plant  life  (e.g.,  water  hya- 
cinths that  clog  water  courses,  transpire  water  to  the  atmosphere,  etc.)  are 
well  known.  The  need  for  heavy  fertilization  and  application  of  pesticides 
that  are  inescapable  accompaniments  of  a  Green  Revolution  set  in  motion 
other  disturbances,  some  of  limited  spatial  extent,  some  having  more  far- 
reaching  consequences.  The  very  rapid  spread  of  new  technology  designed  to 
feed  rising  populations  may  have  secondary  effects  on  the  environment  to  a 
degree  and  an  extent  yet  unknown.  Worldwide  alertness  to  these  dangers  in 
developing  countries  may  provide  the  time  and  the  incentive  for  timely  coun- 
termeasures. 

Many  of  the  primary  environmental  problems  of  the  high  income  coun- 
tries, correlated  with  a  high  degree  of  industrialization,  mechanized  transport, 
and  high  fuel  use,  have  not  yet  appeared  in  poorer  countries  and  are  not 
likely  to  show  up  for  some  time,  given  low  income  levels.  Here  again,  the 
experience  of  the  richer  countries  could  provide  useful  indicators  of  impend- 
ing trouble. 

Finally  certain  environmental  phenomena  could,  if  continued,  threaten  the 
survival  of  man.  They  derive  basically  from  alterations  in  certain  ecological 
systems,  brought  about  by  man-made  interference.  Modifications  in  the  heat 
balance  of  the  earth,  ocean  pollution,  effects  of  radioactive  waste  emission  in 
air  or  water,  and  genetic  mutations  triggered  by  chemicals  are  a  few  examples 

*U.N.  Food  and  Agriculture  Organization,  Provisional  Indicative  World  Plan  for  Agri- 
cultural Development,  Vol.  1.,  c69/4  Rome,  August  1969.  p.  45. 
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of  such  contingent  threats.  Unfortunately,  these  threats  are  poorly  under- 
stood, and  the  degree  to  which  they  are  mounting  is  uncertain  since  we 
generally  lack  reliable  "baseline"  data.  Usually  several  variables  are  involved, 
working  in  different  directions,  and  the  degree  of  certainty  with  which  we 
can  predict  both  future  trends  and  effects  is  small.  Neither  panic  nor  com- 
placency is  an  appropriate  response  to  this  situation.  These  contingencies 
deserve  the  most  careful  investigation  and  monitoring,  particularly  in  the 
developed  countries  today,  because  here  even  a  very  small  probability  of  a 
very  serious  result  should  give  rise  to  remedial  action.  Continued  rapid  popu- 
lation growth  certainly  will  aggravate  the  effect  of  the  unwisely  applied  tech- 
nology or  faulty  economic  incentives  that  have  produced  their  emergence. 
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IV 


Population  Policy 


In  a  sense,  all  the  policies  of  a  nation  that  involve  the  welfare  of  the  nation's 
people  are  population  policies,  but  we  are  concerned  here  with  policies 
related  to  changes  in  the  quantity  and  quality  of  the  population  and 
its  geographical  distribution— in  the  numbers  of  human  beings,  their  educa- 
tion and  skills,  and  where  and  how  they  live  relative  to  the  space  and  re- 
sources available  to  each  person. 

As  we  have  shown,  the  rate  of  change  of  population  size,  the  levels  of 
fertility  and  mortality,  the  distribution  of  people  between  urban  and  rural 
environments,  and  the  rate  of  change  of  this  distribution  significantly  interact 
with  the  social  and  economic  welfare  of  people. 

Two  Kinds  of  Population-Related  Policies: 
Population-Responsive  and  Population-I  nfluencing 

The  governments  of  nearly  all  countries  are  committed  to  improving  the 
welfare  of  their  peoples,  and  population-related  policies  are  one  of  the  tools 
available  to  them  for  this  purpose.  Present  rates  of  population  growth  are  so 
high  in  most  less  developed  countries  that  two  kinds  of  policies  are  called  for: 
population-responsive  policies  that  will  ameliorate  or  overcome  the  effects  of 
unprecedented  increases  in  population  size  and  density,  high  birth  rates,  and 
high  population  growth  rates;  and  population-influencing  policies  that  will 
bring  about  a  reduction  in  fertiUty  and  mortahty  and  in  growth  rates,  or 
will  beneficially  influence  internal  migration.  Policies  concerning  employ- 
ment, food  supply,  building  of  cities  and  towns,  and  resource  development 
are  in  the  first  category;  family  planning  programs  and  other  policies  to 
reduce  fertility,  public  health  and  nutrition  programs  that  lower  mortality, 
and  transportation  and  industrial  planning  to  influence  internal  migration  are 
in  the  second. 

In  much  of  the  following  discussion,  we  shall  concentrate  on  population- 
influencing  policies  aimed  at  fertility  reduction.  We  recognize  that  in  several 
developing  countries  with  large  land  areas,  relatively  sparse  populations,  and 
high  fertility  rates,  government  leaders  may  consider  the  need  for  a  larger 
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population  so  pressing  that  they  may  be  wilUng  to  forego  the  economic  and 
social  benefits  of  reducing  fertility.  We  urge  that  in  these  nations  the  leaders 
(a)  make  themselves  thoroughly  aware  of  the  demographic  dynamics  of  their 
country  and  its  interrelations  with  economic  and  social  development,  and  give 
adequate  attention  to  population  growth  and  change  in  formulating  develop- 
ment policies;  and  (b)  examine  closely  the  extent  to  which  the  substantial 
penalties  to  development  that  result  from  high  fertility  and  rapid  population 
growth  and  the  benefits  of  reduced  fertility  and  slower  rates  of  growth  may 
apply  in  the  special  circumstances  of  their  country  now  and  in  the  next  2  or  3 
decades.  Even  a  marked  reduction  in  rates  of  population  growth  to  the  levels 
suggested  later  in  this  chapter  will  result  in  a  doubUng  of  population  size  in 
less  than  50  years. 

Asymmetries  in  Population  Policy 

There  is  a  considerable  asymmetry  in  the  possible  range  of  population 
policies  for  less  developed  countries.  Pohcies  to  accelerate  mortality  declines 
are  feasible  and  may  be  desirable,  but  on  both  humanitarian  and  political 
grounds  no  option  exists  either  to  increase  mortality  or  to  abandon  efforts 
for  further  mortality  reduction.  PoUcies  to  reduce  fertility  are  feasible  and 
desirable,  but  policies  to  increase  fertility  significantly  are  not  feasible  be- 
cause birth  rates  are  already  at  a  high  level.  Internal  migration  from  the 
countryside  to  towns  and  cities  is  widespread  in  developing  countries  and 
may  be  subject  to  modification  by  policy,  but  except  for  certain  special 
situations  such  as  emigration  from  islands  with  limited  resources,  and  emigra- 
tion to  alleviate  political  or  ethnic  conflicts,  sustained  international  migration 
on  a  sufficiently  large  scale  is  neither  politically  feasible  nor  economically 
reasonable  as  a  solution  to  population  problems.  Though  greater  freedom  of 
international  migration  throughout  the  world  is  desirable  from  many  points 
of  view,  it  cannot  now  contribute  very  much  to  alleviating  the  effects  of 
population  growth,  because  the  size  of  the  earth's  population  is  now  increas- 
ing so  rapidly. 

The  total  number  of  people  who  emigrated  from  Europe  and  Asia  to 
North  and  South  America  and  Oceania  during  the  19th  and  early  20th  centu- 
ries was  about  60  million.  This  is  less  than  1  year's  increase  in  the  world's 
population  at  the  present  time.  Transocean  air  and  water  transportation  facil- 
ities have  become  very  much  greater  during  the  past  50  years,  and  the  aircraft 
and  ships  now  exist  to  move  this  large  number  of  people  across  the  oceans 
each  year.  But  even  with  enormous  capital  investments  for  education,  job 
creation,  housing,  and  other  social  infrastructures,  it  would  probably  be 
impossible  for  present  sparsely  populated  countries  to  assimilate  in  their  ex- 
isting economies  and  societies  the  number  of  inigrants  required  to  offset 
significantly  the  problems  of  population  growth  in  more  crowded  countries. 
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The  needed  teachers,  managers,  construction  faciUties,  and  institutions  simply 
do  not  exist.  Without  such  assimilation,  population  problems  would  in  no 
way  be  ameliorated;  they  would  simply  be  transferred  geographically.  More- 
over, imiTiigration  is  almost  always  differential;  the  young  men,  the  able,  and 
the  venturesome  would  be  the  first  to  migrate,  and  those  who  were  left 
behind  in  the  home  country  would  suffer  grievously  from  their  loss.  A  trans- 
fer of  a  much  smaller  amount  of  capital  than  that  required  for  immigrant 
assimilation  from  the  presently  rich  countries  to  the  poor  ones  would  proba- 
bly go  much  further  in  bringing  about  economic  and  social  development  of 
the  poor  countries,  and  thereby  in  creating  the  conditions  for  a  marked 
reduction  in  fertility  and  the  rate  of  world  population  grovd;h. 

More  than  a  thousand  million  hectares  of  arable  but  uncultivated  land 
exist  in  North  and  South  America  and  Africa.  The  longer  the  time  during 
which  world  population  continues  to  increase,  the  more  likely  it  becomes 
that  there  will  be  no  economic  alternative  to  making  very  large  capital  invest- 
ments to  bring  these  areas  under  cultivation  and  to  settle  them  with  large 
numbers  of  people.  But  for  the  foreseeable  future,  food  supplies  can  be 
increased  to  match  human  food  needs  much  less  expensively  by  raising  yields 
and  by  multiple-cropping  on  presently  cultivated  land.  Capital  for  agricultural 
development  will  be  better  spent  and  new  technology  more  effectively  ap- 
plied on  the  farms  of  India  and  Pakistan,  where  almost  all  arable  land  is 
already  cultivated,  than  in  the  sparsely  settled  parts  of  countries  in  which 
there  are  large  areas  of  uncultivated  arable  land. 

Population-Responsive  Policies  Called  for  by  High  Rates 
OF  Fertility  and  Population  Growth 

Rates  of  population  growth  in  less  developed  countries  are  at  least  half, 
and  in  some  cases  almost  equal,  the  rates  of  economic  growth.  Chiefly  be- 
cause of  the  high  fertility  of  these  countries,  the  ratios  of  children  to  adults 
are  also  very  high  when  compared  with  these  ratios  in  developed  countries, 
and  both  the  numbers  of  children  and  of  young  people  entering  the  age  of 
labor  force  participation  are  rapidly  increasing.  Because  of  these  factors, 
planners  and  political  leaders  should  take  future  population  growth  and 
change  into  account  in  all  long-range  planning.  The  following  are  a  few  ex- 
amples. 

Health  and  Educational  Manpower 

The  numbers  of  teachers,  physicians,  and  health  workers  who  need  to  be 
trained  must  be  equal  to  the  sum  of  replacements  for  those  who  retire  or  die, 
plus  additional  personnel  to  keep  up  with  the  growing  numbers  of  children  in 
school  and  the  numbers  of  children  and  adults  requiring  health  services.  If  the 
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absolute  number  of  functional  illiterates  (with  less  than  5  years  of  schooling) 
is  not  to  increase,  school  enrollment  ratios  must  rise,  and,  hence,  the  number 
of  teachers  to  be  trained  must  grow  faster  than  the  growth  in  population. 
This  will  also  be  true  of  physicians  and  health  workers  if  the  number  of 
people  for  whom  health  services  are  unavailable  is  to  be  lowered.  One  task  of 
policymakers  in  health  and  education  is  to  balance  the  demands  for  quantita- 
tive increases  due  to  population  growth  against  the  needs  for  improving  the 
quality  and  level  of  education  and  the  distribution,  range,  and  effectiveness  of 
health  services. 

Food  and  Agricultural  Production 

During  the  1950's,  development  strategies  in  many  less  developed  nations 
were  concentrated  on  attempts  at  industrialization,  in  part  based  on  the 
example  of  such  recently  developed  countries  as  the  Soviet  Union.  But  these 
strategies  did  not  reckon  with  the  unexpected  and  unprecedentedly  high  rates 
of  population  growth  which  appeared  after  World  War  II  and  accelerated 
throughout  the  next  15  years.  Though  industrialization  sometimes  proceeded 
at  a  rapid  pace,  industrial  employment  usually  increased  more  slowly,  and  the 
absolute  number  of  people  supported  by  the  industrial  sector  lagged  behind 
the  growth  of  population,  with  the  result  that  the  number  of  people  tied  to 
the  land  in  agriculture  greatly  increased.  At  the  same  time,  population  growth 
has  brought  about  a  vast  increase  in  food  requirements.  Consequently,  agri- 
culture continues  to  be  the  base  of  the  economy  in  most  of  the  less  developed 
world.  In  recent  years,  it  has  been  widely  recognized  that  much  greater  em- 
phasis on  agricultural  improvement  is  essential  for  overall  economic  and  social 
growth,  and  more  balanced  development  strategies  have  been  undertaken. 

In  Asia,  where  nearly  all  arable  land  is  already  farmed  and  most  of  the 
world's  people  live,  a  revolution  in  agricultural  technology  must  occur  if 
rapidly  growing  populations  are  to  be  fed  even  at  present  levels,  let  alone 
improved  diets.  For  both  economic  and  physiologic  reasons,  the  rate  of 
growth  of  food  supplies  should  be  substantially  greater  than  the  rate  of 
population  growth.  The  situation  is  summed  up  by  the  FAO.* 

Assuming  a  2.6  percent  annual  increase  in  population  there  will  be  an 
extra  one  billion  people  in  the  developing  countries  by  1985.  This  alone 
would  require  an  80  percent  increase  in  food  supplies  by  that  year  com- 
pared with  1962,  without  any  improvement  in  quantity  or  quality  of 
individual  diets.  Success  in  raising  income  levels  along  the  lines  proposed  in 
the  "high  variant"  of  the  economic  model,  and  consequent  improvements 
in  purchasing  power,  would  increase  demand  for  food  by  142  percent 


*U.N.  Food  and  Agricultural  Organization,  Indicative  Plan  for  Agricultural  Develop- 
ment, Main  Conclusions  and  Policy  Indications  of  Provisional  Indicative  World  Plan. 
Rome,  August  1969.  Vol.  Ill,  p.  57. 
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above  the  1962  level,  an  average  rate  of  increase  of  3.9  percent  per  year. 
As  against  this  the  trend  in  food  production  over  the  decade  1956-66  for 
the  developing  countries  taken  as  a  whole  was  only  2.7  percent  per  year. 

Agricultural  revolution  has  already  begun  with  the  introduction  of  new 
high-yielding,  fertilizer-responsive  varieties  of  wheat,  rice,  and  other  cereals.  If 
it  is  to  continue,  large  expenditures  for  development  of  irrigation  water, 
transportation,  storage,  food  processing,  and  fertilizers  must  be  made,  in- 
cluding large  amounts  of  imports  requiring  foreign  currency.  This  will  require 
overall  economic  development  at  a  higher  rate  than  has  recently  prevailed. 
These  demands  must  be  taken  into  account  in  planning  resource  allocations 
and  priorities,  and  in  raising  capital  funds. 

The  new  agricultural  technology  is  much  better  suited  to  some  regions 
than  to  others.  In  India,  irrigation  development  is  easy  to  accomplish  in  the 
Gangetic  plain  of  Uttar  Pradesh  and  Bihar;  it  is  difficult  and  expensive  in 
most  of  the  Deccan  plateau,  which  covers  central  India.  In  East  Pakistan, 
existing  new  cereal  varieties  cannot  be  grown  and  chemical  fertilizers  cannot 
be  used,  except  for  one  crop  during  the  dry  season,  in  the  30  percent  of  the 
country  that  is  flooded  for  5  months  each  year.  National  farm  prices  will 
almost  certainly  fall  because  of  greatly  expanded  production  in  the  regions  in 
which  the  new  technology  can  be  successfully  applied.  The  farmers  in  the  less 
favored  regions  may  then  be  unable  to  sell  their  crops  at  prices  sufficient  to 
pay  for  the  water,  chemical  fertilizers,  and  other  inputs  needed  for  high- 
productivity  agriculture.  They  will  be  forced  back  on  subsistence  farming,  but 
this  will  be  insufficient  to  feed  the  growing  populations  of  their  own  villages. 
Large  numbers  of  poverty-stricken  and  unskilled  countrymen  will  be  driven 
out,  either  to  cities  and  towns  or  to  the  more  favored  agricultural  regions, 
where  most  of  them  will  become  landless  laborers.  The  challenge  to  policy- 
makers, either  to  develop  new  agricultural  technologies  for  nonirrigated  land, 
or  to  provide  employment  and  a  new  way  of  life  for  these  people,  is  very 
great,  especially  because  of  the  difficulties,  already  alluded  to,  of  raising 
employment  in  the  industrial  sector  as  fast  as  the  labor  force  grows. 

In  the  regions  in  which  the  new  agricultural  technology  can  be  successfully 
applied,  capital  and  land  give  greater  returns  than  labor,  and,  hence,  it  can  be 
expected  that  the  larger  landowning  farmers  will  gradually  take  over  from  the 
smaller  ones  and  from  tenants.  This  situation  will  increase  still  further  the 
proportion  of  landless  laborers  and  will  aggravate  inequities  in  income  dis- 
tribution. New  land-tenure  policies  or  other  means  to  protect  small  farm- 
owners  and  tenants  are  called  for.  Problems  of  unemployment  and  underem- 
ployment may  be  increased  as  a  result  of  unchecked  agricultural  mechaniza- 
tion, unless  labor-intensive  agriculture,  combined  with  selective  mechaniza- 
tion that  increases  the  demand  for  labor,  is  strongly  encouraged  by  the 
governments  (e.g.,  tubewells  to  provide  irrigation  water  and  cultivating  ma- 
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chinery  for  rapid  seedbed  preparation,  which  will  facilitate  growing  an  extra 
crop  during  the  year). 

Rapid  population  growth  in  rural  areas  in  which  the  supply  of  arable  land 
is  limited  results  either  in  a  fragmentation  of  farms  from  one  generation  to 
the  next,  or  in  an  enforced  migration  of  younger  sons  and  their  families  to 
towns  and  cities.  The  average  size  of  farms  in  the  Punjab  of  West  Pakistan  has 
decreased  by  about  50  percent  in  one  generation.  The  effects  of  farm  frag- 
mentation can  be  overcome  by  the  formation  of  agricultural  cooperatives 
among  the  small  farmers,  but  experience  in  less  developed  countries  shows 
that  this  usually  occurs  only  under  the  impetus  of  strong  government  or 
outside  encouragement. 

Urbanization 

In  most  less  developed  countries,  cities  are  growing  more  rapidly  than  total 
populations,  at  least  partly  because  stagnant  rural  economies  have  not  been 
able  to  absorb  rural  population  growth.  In  one  carefully  studied  region  of  the 
Punjab  in  northwestern  India,  the  rate  of  emigration  during  the  1950's 
equaled  half  the  rate  of  natural  increase  of  population.  The  situation  has  been 
considerably  improved  during  the  last  few  years  by  the  rural  prosperity  result- 
ing from  the  agricultural  revolution  described  earlier.  But  in  other  regions, 
such  as  East  Pakistan,  where  rural  population  densities  average  more  than 
1,200  people  per  square  mile,  the  labor/land  ratio  cannot  be  much  increased 
even  with  the  m.ultiple-cropping  and  increased  crop  yields  brought  about  by 
the  new  technology.  With  present  rates  of  population  growth  in  the  Province, 
room  must  be  found  in  cities  and  towns  during  the  next  20  years  for  some  15 
million  people.  It  may  be  impossible  to  accommodate  these  numbers  in  exist- 
ing cities,  and  if  so,  new  cities  and  towns  and  new  industries  must  be  created 
on  a  very  large  scale.  Planners  and  policymakers  will  have  hard  choices  to 
make  in  dividing  scarce  resources  between  investments  to  provide  industrial 
and  service  jobs,  and  construction  of  housing,  roads,  water  supply  and  sewage 
disposal  systems,  and  other  elements  of  urban  infrastructure.  Much  experi- 
mental research  needs  to  be  done  on  lowering  these  costs  of  urban  develop- 
ment. Other  choices  must  be  made  between  developing  many  small  cities  and 
towns  of  ten  to  fifty  thousand  inhabitants  or  large  cities  with  millions  of 
people.  These  choices  should  be  based  on  a  careful  analysis  of  the  full  range 
of  social  and  economic  costs  and  benefits  of  each  kind  of  urban  place,  the 
functions  that  can  be  filled  by  towns  and  those  that  must  be  reserved  for 
cities,  and  the  possibiUties  of  influencing  migrant  behavior.  One  advantage  of 
having  many  urban  centers  is  that  people  may  continue  to  live  in  the  country 
and  commute  to  a  nearby  city  or  town  for  employment.  Thus,  the  small  cities 
of  Comilla  in  East  Pakistan  and  Ludhiana  in  the  Indian  Punjab  draw  many 
villagers  for  daytime  employment  who  return  on  bicycles  and  buses  to  their 
rural  homes  at  niglit. 
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The  lot  of  rural  migrants  to  the  cities  of  less  developed  countries  would  be 
greatly  improved  if  they  received  more  information  about  urban  job  opportu- 
nities and  living  conditions  and  training  for  city  life  before  emigrating,  and  a 
more  supportive  reception  when  they  first  arrive  in  the  city.  Educational 
curricula,  information  media,  and  institutions  need  to  be  developed  for  this 
purpose. 

Intergroup  Conflicts 

We  have  seen  that  in  countries  that  do  not  have  a  homogenous  population, 
rapid  population  growth  creates  or  aggravates  political  and  economic  conflicts 
between  racial,  cultural,  religious,  and  linguistic  groups.  The  problems  of 
ameliorating  these  conflicts  have  not  been  solved,  and  they  represent  a  most 
serious  threat  to  the  existence  of  many  states.  In  some  cases,  far-reaching 
measures  such  as  mass  migration  or  fragmentation  of  states  into  autonomous 
or  semi-autonomous  smaller  units  may  be  the  only  feasible  policy  options. 
But  governments  can  do  much  by  a  more  evenhanded  treatment  of  different 
groups,  providing  not  only  equal  but  increased  educational  and  employment 
opportunities  and  services  for  all,  and  by  the  poUtical  and  legal  devices  that 
protect  minorities  without  jeopardizing  the  basic  interests  of  the  majority. 

Through  better  education  and  increased  opportunities  for  social  mobility, 
minority  groups  will  learn  that  population  quality  is  more  important  than 
numbers,  and  that  improving  quality  is  largely  incompatible  with  rapidly 
increasing  numbers.  Experience  shows  that,  over  time,  this  will  lead  to  lower 
birth  rates  and  population  growth  and  hence  to  a  reduction  in  the  levels  of 
conflict. 

Unemployment  and  Underemployment 

The  existence  of  large  and  rapidly  growing  supplies  of  cheap  labor  in  many 
less  developed  countries  tends  to  hold  back  the  adoption  of  capital-intensive, 
labor-saving  technology  in  industry,  and  thereby  slows  down  increases  in 
productivity  and  in  standards  of  living. 

Policies  and  programs  to  reduce  the  growth  of  the  labor  force  by  fertility 
control  can  have  little  effect  during  the  next  15  years,  because  the  young 
people  who  will  be  entering  the  labor  force  and  seeking  employment  during 
that  period  are  already  born.  For  the  near  future,  emphasis  needs  to  be  placed 
on  (a)  retaining  as  many  workers  as  possible  in  agriculture  by  government 
policies  that  favor  hand  labor  and  those  kinds  of  mechanization,  such  as  tube 
wells,  small  tillers,  and  grain  dryers,  that  raise  the  dem.and  for  labor  by 
fostering  multiple-cropping;  (b)  service  occupations;  and  (c)  relatively  small- 
scale  consumer-goods  industries  that  in  the  aggregate  can  employ  large  num- 
bers of  workers.  At  the  same  time,  efforts  to  increase  productivity  of  these 
and  other  workers  should  be  accelerated  as  rapidly  as  available  resources 
allow,  because  only  in  this  way  can  standards  of  living  be  raised.  The  produc- 


541 


tivity  of  labor  in  many  less  developed  countries  is  now  so  low  that  industries 
based  on  it  often  cannot  compete  with  similar  industries  in  the  advanced 
countries,  even  when  wages  are  held  at  a  subsistence  level. 

Population-Influencing  Policies  to  Reduce 
Population  Growth* 

Control  of  population  growth  is  one  of  the  instruments  available  to  gov- 
ernments to  accomplish  other  objectives:  economic  growth  and  social  devel- 
opment of  the  nation;  improvement  of  the  health  and  welfare  of  the  people, 
both  the  living  generation  and  generations  to  come;  and  conservation  and 
improvement  of  the  environment,  both  the  natural  environment  and  that 
created  by  man. 

Progress  in  economic  growth  is  usually  stated  in  terms  of  annual  rates  of 
increase  in  the  production  of  goods  and  services— the  gross  national  product, 
or  GNP-in  the  productivity  of  labor  and  capital,  and  in  production  or  in- 
come per  capita— the  gross  national  product  or  the  national  income  divided 
by  the  number  of  people  in  the  nation.  Growth  in  per  capita  income,  in  turn, 
can  be  thought  of  as  an  index,  or  surrogate,  for  rising  levels  of  consumption 
of  food  and  other  goods  and  services,  and  improvements  from  year  to  year  in 
education,  communications,  transportation,  technology,  housing,  and  other 
aspects  of  social  development.  Equally  important  as  growth  in  per  capita 
income  is  a  narrowing  of  the  gap  between  the  rich  and  the  poor,  a  reduction 
of  poverty  in  absolute  terms,  and  a  greater  perception,  by  the  people,  of 
equity  in  income  distribution. 

There  are  other  kinds  of  policies  that  can  be  useful  in  attaining  these 
objectives.  Because  all  policies  require  the  allocation  of  scarce  human  and 
physical  resources,  governments  must  necessarily  strike  a  balance  between 
them.  In  different  countries  this  will  depend,  among  other  things,  on  the  level 
of  development,  the  balance  between  population  and  resources,  political  cir- 
cumstances, and  the  administrative  capacity  of  the  government. 

Some  policies  that  affect  population  growth  can  also  help  to  attain  other 
social  objectives  in  other  ways.  These  multi-objective  policies  are  desirable  for 
several  reasons,  among  which  is  the  uncertain  effectiveness,  up  to  the  present, 
of  government  policies  designed  to  bring  about  demographic  change.  Pro- 
found changes  in  mortality  and  fertility  have  occurred  in  many  countries  in 
recent  decades,  but  the  quantitative  effects  of  government  policy  on  these 
changes  are  difficult  to  assess. 

Policies  to  Reduce  Mortality 

Rapid  declines  in  mortality  have  occurred  in  many  less  developed  coun- 
tries since  World  War  II,  resulting  in  a  rapid  acceleration  of  rates  of  popula- 
tion growth.  But  further  declines  can  be  expected  to  be  modest  in  these 

*See  the  chapters  in  Vol.  II  of  this  study  by  Arthur  J.  Dyck  and  J.  Mayone  Stycos. 
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countries,  regardless  of  government  policy,  until  a  markedly  higher  level  of 
overall  economic  development  has  been  attained.  In  other  countries  in  which 
mortality  is  still  relatively  high,  governmental  policies  could  bring  about  a 
sharp  decline  in  future  years.  In  these  countries  a  drop  in  death  rates  may  be 
an  essential  precondition  for  a  marked  reduction  in  fertility.  Fertility  and 
mortality  policies  are  linked.  The  reduction  of  fertility  is  likely  also  to  reduce 
both  infant-child  and  maternal  mortality,  and  a  sufficient  reduction  of  infant 
and  child  mortality  may  be  necessary  for  reduced  fertility. 

Policies  to  Reduce  Fertility 

Time  must  pass  before  any  development  policy  can  accomplish  its  objec- 
tives. However,  different  government  policies  take  different  amounts  of  time 
before  their  impact  is  felt. 

Time  Horizon  of  Fertility  Control  Policies.  The  time  spans  over  which 
governmental  policies  to  reduce  fertility  can  be  expected  to  have  a 
major  influence  on  population  size  will  generally  be  longer  than  the  times 
required  for  other  kinds  of  development  policies  (such  as  investments  in 
natural  resources,  import  substitution,  increasing  agricultural  yields,  electrifi- 
cation, and  certain  kinds  of  industrialization)  to  accomplish  their  objectives. 
However,  the  cumulative  impact  of  a  policy  of  fertility  reduction,  compared 
with  maintenance  of  present  fertility  rates,  can  be  very  significant  over 
periods  of  10  to  20  years.  Moreover,  the  difficulties  of  undertaking  a  policy 
of  fertility  reduction  in  a  country  with  a  high  rate  of  population  growth 
increase  rapidly  as  time  passes.  Many  more  families  will  need  to  be  involved 
to  obtain  a  percentage  reduction  in  fertiUty  in  future  years  equal  to  that 
which  is  now  attainable  with  a  smaller  reproducing  population. 

In  general,  policies  to  reduce  fertility  have  about  the  same  time  horizon  as 
other  policies  designed  to  improve  the  quality  of  human  resources,  such  as 
education,  infant  and  child  health,  and  welfare  services.  In  drawing  up  the 
government  budget,  setting  priorities,  allocating  administrative  manpower, 
and  deciding  on  alternative  uses  of  resources,  fertility  policies  should  be 
considered  in  connection  with  other  human  resource  policies. 

Successful  policies  of  fertility  reduction  will  have  a  delayed  impact  on 
some  aspects  of  social  and  economic  development.  For  example,  5  to  6  years 
will  elapse  before  a  reduction  in  the  number  of  births  will  be  reflected  in  a 
smaller  number  of  children  entering  primary  schools.  As  we  explained 
earlier,  the  size  of  the  labor  force  will  not  be  affected  for  about  15  years. 
The  rate  of  fainily  formation  and  the  consequent  needs  for  housing  will 
begin  to  be  lower  at  about  the  same  time.  The  full  impact  on  food  needs 
will  be  delayed  until  the  smaller  numbers  of  children  have  reached  later 
adolescence  (15  to  19  years  of  age)  and  their  nutritional  needs  are  at  a 
maximum. 
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On  the  other  hand,  a  reduction  in  number  of  births  will  affect  the  need  for 
health  and  welfare  services  for  both  children  and  mothers.  The  need  for 
high-quality  protein  foods  to  save  the  lives  and  ensure  the  mental  and  physi- 
cal development  of  children,  and  to  protect  the  health  of  pregnant  and 
lactating  women,  will  decrease  with  the  birth  rate.  And  pressures  for  illegal 
and  dangerous  abortions  will  diminish  with  the  successful  dissemination  of 
other  means  of  fertility  control. 

At  the  micro-level  of  the  family  and  the  village,  the  effect  of  a  prevented 
birth  will  be  immediate  in  terms  of  smaller  family  size  and  a  lower  depen- 
dency burden,  with  the  accompanying  economic  and  health  benefits  for  the 
welfare  of  living  children  and  mothers,  and  the  possibility  of  increased  savings 
and  investment  by  the  family  for  its  own  future  welfare.  But  the  pressures  of 
increased  numbers  of  families  on  the  size  of  farms,  and  on  young  men  to 
leave  the  village  in  search  of  a  livelihood,  will  not  diminish  until  the  smaller 
numbers  of  children  become  adults. 

Goals  of  Fertility  Control  Policies 

Developed  and  less  developed  countries  can  be  differentiated  almost  as 
well  by  their  birth  rates,  proportions  of  children,  and  rates  of  population 
growth  as  by  per  capita  income  and  other  socioeconomic  measures.  In  all 
developed  countries  there  are  less  than  20-25  live  births  per  1 ,000  people  per 
year,  and  rates  of  natural  population  increase  (the  difference  between  birth 
rates  and  death  rates)  are  usually  lower  than  15  per  1,000  per  year,  which 
means  that  the  times  required  for  the  population  to  double  in  size  are  about 
50  years  or  more.  Nearly  all  less  developed  countries  have  birth  rates  higher 
than  30  per  1,000,  and  rates  of  natural  increase  higher  than  20  per  1,000, 
with  doubling  times  of  less  than  35  years. 

The  principal  objective  of  national  fertility  control  policies  in  less  devel- 
oped countries  is  to  facilitate  economic  and  social  development.  It  appears 
reasonable,  therefore,  to  select  as  the  goal  of  these  policies  a  reduction  in 
fertility  and  rate  of  population  growth  within  the  next  2  decades  to  a  level  in 
the  range  of  that  in  more  developed  economies. 

We  are  unable  to  demonstrate  quantitatively  the  extent  to  which  such  a 
marked  reduction  in  fertility  and  rate  of  population  growth  would  influence 
the  rate  of  development.  We  are  certain  only  that  in  all  developed  societies 
such  a  decline  occurred  during  the  course  of  their  development.  Birth  rates  in 
many  present  developed  countries  were  relatively  low  even  in  the  early  stages 
of  development,  and  the  consequently  low  proportion  of  children  to  adults 
may  have  been  an  important  factor  in  facilitating  economic  growth. 

It  is  true  that  the  decline  in  fertility  in  most  of  the  now  developed  coun- 
tries took  place  over  a  much  longer  time  span  than  the  2  decades  we  have 
suggested,  but  the  example  of  Japan,  where  birth  rates  decreased  by  nearly  50 
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percent  from  1948  to  1960,  and  the  rapid  rates  of  decline  in  Taiwan  and 
South  Korea  show  that  under  present-day  conditions  a  speedy  fall  in  fertility 
rates  is  possible.  Today's  unprecedented  rates  of  population  growth  make  it 
urgently  desirable.  The  drop  in  birth  rates  in  Taiwan  and  South  Korea  also 
indicates  that  a  high  level  of  development  is  not  a  necessary  condition  for 
fertihty  decline.  A  condition  that  may  be  equally  effective  is  a  rapid  rate  of 
economic  growth,  which  allows  for  social  mobility,  encourages  rising  aspira- 
tions among  the  people,  and  permits  the  allocation  of  sufficient  resources  for 
fertility  control  programs  and  for  better  communications  leading  to  faster 
diffusion  of  information  about  family  planning. 

A  possible  objection  is  that  these  fertility  ceilings  might  imply  population 
decline  or  an  undesirably  slow  rate  of  population  growth  in  high-mortality 
nations  with  low  population  densities  and  that  it  would  be  unrealistic  or 
unwarranted  to  expect  these  nations  to  endorse  such  a  prospect  through  delib- 
erate policy.  The  objection  appears  to  us  to  have  no  practical  relevance.  The 
overwhelming  evidence  is  that  death  rates  can  be  brought  down  greatly  and 
rapidly  in  low  income,  high  fertility  regions  throughout  the  world,  by  a 
combination  of  socioeconomic  and  public  health  measures  that  are 
economically  feasible. 

An  objection  to  proposed  reductions  in  population  growth  rates  made  by 
some  political  leaders  is  that  sheer  numbers  of  people  are  a  prerequisite,  or  at 
least  an  essential  element,  of  political  power  internationally,  especially  for 
small  nations.  Such  power  considerations  are  often  claimed  to  be  associated 
with  the  achievement  of  social  and  economic  objectives  (such  as  a  sufficiently 
large  market  for  industrial  products)  or  to  override  them  as  policy  priorities 
when  the  two  are  in  conflict. 

There  can  be  no  effective  rebuttal  to  those  who  would  knowingly  endure 
the  socioeconomic  burdens  that  arise  from  excessively  growing  populations  in 
the  hope  that  added  numbers  will  contribute  to  national  power.  But  the 
weight  of  relevant  policy  considerations  seems  to  us  to  fall  decisively  in  the 
opposite  direction.  First,  few,  if  any,  individual  goals  and  certainly  no 
national  goals  are  ever  absolute,  or  independent  of  the  need  for  weighing 
priorities.  Whatever  the  prospects  for  enhanced  power  or  market  through 
added  numbers  may  be,  the  hoped  for  benefits  must  be  judged  in  full  aware- 
ness of  the  political,  social,  and  economic  costs  of  too  rapid  population 
growth.  Second,  modernity,  not  population  size  or  growth,  is  the  strategic 
determinant  of  a  nation's  political  and  economic  status  internationally. 

A  third  objection,  coming  from  almost  the  opposite  end  of  the  opinion 
spectrum  is  that  any  fertility  target  implying  a  positive  rate  of  population 
growth  is  a  false  or  deceptive  policy  prescription.  A  correct  policy,  according 
to  proponents  of  this  view,  would  aim  at  zero  growth  rates  everywhere,  the 
more  so  in  the  less  developed  nations  since  these  have  a  much  longer  way  to 
go  from  present  vital  rate  levels  and  suffer  much  more  severely  the  adverse 
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consequences  of  excessive  population  increase  (and  often  of  population  size) 
than  do  the  high  income,  low  fertility  nations.  Our  reply  to  these  claims 
would  not  be  that  they  need  be  refuted  but  that  they  are  essentially  irrelevant 
for  policy  purposes. 

Associated  Goals  of  Family  Planning  Programs.  Governmental  family 
planning  programs  may  have  other  goals  than  reducing  population  growth  by 
lowering  birth  rates,  though  this  is  a  prime  objective  in  many  less  developed 
countries,  particularly  in  Asia.  These  other  objectives  include 

1.  increasing  the  ability  and  freedom  of  married  couples  (particularly  poor 
or  ignorant  ones  who  do  not  have  access  to  private  medical  care)  to 
determine  the  number  and  spacing  of  their  children; 

2.  reducing  the  number  of  illegal  (and  therefore  often  hazardous  or  even 
fatal)  abortions  by  enabling  women  who  do  not  want  to  bear  a  child  to 
substitute  safe  contraceptive  methods  for  abortion; 

3.  improving  the  health  of  mothers  by  helping  them  avoid  too  many  or 
too  closely  spaced  pregnancies; 

4.  reducing  the  number  of  illegitimate  births; 

5.  protecting  the  health  and  welfare  of  children  by  persuading  and  helping 
parents  to  limit  the  size  of  their  families  and  to  lengthen  the  interval 
between  births;  and 

6.  helping  to  alleviate  poverty  by  reducing  the  economic  burden  on 
parents  created  by  large  numbers  of  children. 

Criteria  for  Fertility  Control  Policies 

Before  adopting  a  particular  policy  to  reduce  fertility,  governmental 
leaders  need  to  ask  themselves  several  kinds  of  questions,  including  whether 
the  policy  is  politically  acceptable  to  most  people,  how  effective  it  will  be, 
and  whether  it  is  economically  and  administratively  feasible.  But  the  most 
fundamental  questions  are  ethical:  Will  the  policy  enhance  the  freedom  of 
human  beings  as  individuals,  and  will  it  advance  justice  for  all  human  beings 
as  members  of  society?  These  two  ethical  ideals  of  individual  freedom  and 
distributive  justice  often  are,  or  seem  to  be,  more  or  less  incompatible.  The 
task  of  lawgivers  throughout  history  has  been  to  strike  a  workable  balance 
between  them.  In  establishing  a  population  policy,  this  reconciliation  will  be 
best  made  if  the  policy  proceeds  from  the  following  criteria:* 

1.  allows  for  freedom  and  diversity; 

2.  where  possible,  fosters  other  goals  worth  supporting  for  their  own  sake; 

3.  does  not  place  unnecessary  burdens  on  innocent  people,  particularly  on 
children; 


*Bernard   Berelson,  "Beyond  Family  Planning,"  Studies  in  Family  Planning,   38, 
February  1969.  pp.  1-16. 
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4.  is  helpful  to  deprived  and  disadvantaged  people; 

5.  is  comprehensible  to  those  who  are  directly  affected; 

6.  shows  respect  for  moral  values  held  by  people  concerning  children  and 
the  family;  and 

7.  has   as   its   objective   not   only   economic  growth   but   reductions   in 
poverty,  increases  in  welfare,  and  conservation  of  the  environment. 

Proposed  fertility-reduction  policies  and  alternative  lines  of  action  need  to 
be  examined  in  the  light  of  these  considerations.  The  problems  in  any  par- 
ticular case  are  complex  because  they  require  giving  different  weights  to  these 
seven  factors  and  possibly  to  others  as  well. 

Free  Access  to  Materials,  Information,  and  Services  for  Fertility  Control. 
Clearly,  family  planning  programs,  designed  to  give  full  freedom  to  individual 
couples  to  determine  the  number  of  their  children  and  the  spacing  between 
births,  meet  several  of  these  criteria.  They  enhance  the  freedom  of  human 
beings  as  individuals  and,  indeed,  give  this  freedom  a  new  dimension,  par- 
ticularly if  wives  participate  equally  with  husbands  in  making  the  decisions. 
Repeal  of  laws  restricting  abortion  and  free  availability  of  medically  safe 
abortions  would  further  enhance  the  freedom  of  individual  women  and  of 
married  couples,  and  should  be  considered  in  those  countries  that  have  suf- 
ficient medical  manpower  and  hospital  facilities  and  in  which  public  attitudes 
permit.  New  approaches  to  safe  induced  abortion  need  to  be  found  in  order 
to  lessen  the  need  for  medical  manpower  and  hospital  facilities. 

It  is  today  possible  for  a  full  range  of  acceptable,  easily  used,  and  effective 
means  of  preventing  births  to  be  provided  by  governments  to  all  persons  of 
reproductive  age,  if  necessary  at  nominal  or  no  cost.  Information  on  all  these 
means  of  preventing  births,  on  the  economic,  social,  and  health  benefits  of 
small  family  size,  and  on  the  cumulative  nature  of  the  burdens  caused  by 
large  families  can  also  be  widely  disseminated.  Steps  and  actions  can  be  taken 
to  foster  broad  social  legitimization  and  support  of  birth  control,  including, 
when  circumstances  permit,  medically  safe  abortions. 

Other  Policies  and  Programs 

In  general,  the  benefits  and  costs  for  society  as  a  whole— that  is  for  all 
families  and  individuals  in  the  society— of  a  child  added  in  one  family  will  be 
different  from  those  for  the  parents.  These  differences*  justify  social  inter- 
vention to  influence  the  fertility  behavior  of  the  parents.  (Another  jus- 
tification for  such  intervention  is  that  many  families  need  help  to  recognize 
and  serve  their  own  interests.) 

Many  specialists  are  convinced  that  governmental  population  policies  to 
limit  fertility  must  go  beyond  furnishing  contraceptive  materials,  services,  and 
information  to  individual  couples.  If  these  couples,  given  full  freedom  of 

*Called  "externalities"  by  economists. 


547 


choice,  on  the  average  decide  to  have  so  many  children  that  birth  rates  and 
rates  of  population  growth  remain  high,  then  the  economic  and  social  devel- 
opment of  the  nation  as  a  whole  may  be  impeded  and  coming  generations  of 
human  beings  may  be  handicapped  by  their  very  numbers. 

The  freedom  of  husbands  and  wives  to  make  reproductive  decisions  must, 
therefore,  be  tempered  by  concern  for  the  rights  and  interests  of  others.  The 
first  and  most  obvious  interest  to  be  protected  is  that  of  the  children  already 
born  within  the  family.  The  birth  of  additional  children  may  affect  them 
adversely  in  a  number  of  ways,  as  we  have  seen.  Next  come  all  other  members 
of  the  society  whose  economic  welfare  and  social  well-being  are  lessened  by 
rapid  population  growth,  and  the  younger  and  subsequent  generations,  whose 
opportunities  will  be  diminished  by  the  economic  stagnation  and  loss  of 
amenities  caused  by  this  growth.  Finally,  the  interests  of  other  nations  and 
societies  must  be  taken  into  account,  because  all  nations  ultimately  make 
demands  on  the  same  pool  of  resources. 

Governments  have  an  obligation  to  protect  the  interests  of  all  these  groups 
against  excessive  reproduction  by  individual  parents.  One  of  the  most  diffi- 
cult of  population  questions  relates  to  designing  and  justifying  governmental 
policies  and  procedures  to  accomplish  this  end. 

Numerous  policies  have  been  suggested,  some  of  which  are  discussed  in  the 
sections  that  follow. 

Creation  of  a  Small  Family  Norm.  One  policy  that  would  appear  to  present 
a  minimum  restriction  on  individual  freedom  and  to  be  well  within  the  gener- 
ally accepted  practices  of  governments  is  to  encourage  private  tastes,  prefer- 
ences, expectations,  and  attitudes  toward  a  small  family  norm.  Educational 
efforts  for  this  purpose  at  the  community  level  involve  training  of  local 
leaders  to  explain  the  need  for  reducing  ferUlity  to  other  members  of  their 
communities,  group  discussions  led  by  family  planning  workers,  and  personal 
persuasion  of  individuals  by  these  workers.  In  addition  to  community-level 
programs,  campaigns  of  public  education  and  communication  through  tele- 
vision, radio,  the  press,  outdoor  advertising,  and  other  media  have  also  been 
undertaken.  Such  community  and  public  efforts  are  accepted  as  legitimate 
components  of  population  programs  by  many  of  the  less  developed  countries. 

Research  on  Fertility  Control.  A  policy  of  generous  support  of  research  to 
improve  the  acceptability  and  effectiveness  of  means  of  contraception  and 
contragestation  (prevention  of  implantation  or  development  of  the  fertilized 
ovum),  to  achieve  reversible  sterilization,  to  find  ways  of  determining  the  sex 
of  the  embryo  at  about  the  time  of  conception,  and  on  social  means  of 
achieving  fertility  decline  can  be  thoroughly  justified  on  both  ethical  and 
practical  grounds. 

Like  applied  research  in  agriculture,  research  in  human  reproductive  biol- 
ogy and  psychology  should  be  supported  by  governments,  as  should  research 
on  other  aspects  of  reproductive  behavior.  The  governments  of  the  developed 
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countries  can  make  very  important  fundamental  contributions  to  knowledge 
in  this  field,  but  cooperation  between  developed  and  less  developed  countries, 
and  support  by  the  United  Nations,  its  specialized  agencies,  and  other  inter- 
national organizations  are  needed  to  accelerate  applied  research  and  applica- 
tion, especially  social  and  psychological  research  and  development  and  testing 
of  new  contraceptive  methods. 

Welfare  Policies  Leading  to  Reduced  Fertility.  The  decline  in  fertility  in  the 
Soviet  Union,  Europe,  and  North  America  that  took  place  during  the  19th 
and  20th  centuries,  and  more  recent  declines  in  Japan  and  in  some  less 
developed  countries,  including  Taiwan,  South  Korea,  and  Costa  Rica,  strongly 
indicate  that  married  couples  will  limit  the  size  of  their  families  if  they 
believe  it  is  in  their  interest  to  do  so  and  if  means  for  controlling  their  own 
fertihty  are  available  to  them.  The  parents'  perception  of  their  interest  and 
their  corresponding  actions  depend  in  part  on  social  traditions  and  intuitive 
behavior  patterns,  as  well  as  on  conscious  rationality. 

Children  provide  both  economic  and  psychic  or  social  benefits  to  their 
parents  and  to  other  children  in  the  family.  During  childhood  and  youth, 
they  may  contribute  to  family  income  by  working  with  the  family  on  a  farm 
or  in  the  production  of  handmade  goods,  or  in  a  job  outside  the  home.  Those 
children  who  survive  their  parents  can  contribute  to  their  parents'  security  in 
old  age.  Moreover,  aside  from  these  economic  gains,  it  is  part  of  our  inheri- 
tance as  human  beings  that  most  people  like  children  and  want  to  have  some 
of  their  own.  The  psychic  rewards  of  a  family  life  enriched  by  children  are 
reinforced  by  social  norms,  particularly  in  traditional  societies  with  their 
extended  or  clan  families  and  the  many  benefits  conferred  by  kinship.  In 
addition,  the  psychic  and  social  costs  of  preventing  births  in  a  society  without 
a  high  level  of  contraceptive  technology  are  extraordinarily  large,  because 
they  almost  inevitably  involve  multiple  induced  aborfions,  late  marriage,  sep- 
aration of  the  marriage  partners  over  long  periods,  or  some  unsatisfactory 
modification  of  sexual  relationships. 

Children  also  produce  costs,  including  the  money  costs  of  pregnancy  and 
delivery,  of  feeding,  clothing,  housing,  medical  care,  and  education;  the  "op- 
portunity cost"  of  the  time  and  effort  spent  by  parents  to  bring  up  their 
children  (the  magnitude  of  this  cost  depends  upon  the  opportunities  that 
exist  for  the  parents  to  gain  desired  goals  from  other  uses  of  the  same  time 
and  effort);  and  the  deprivation  and  health  consequences  to  the  mother  and 
her  children  resulting  from  an  additional  child. 

Both  benefits  and  costs,  as  perceived  by  the  parents,  will  vary  with  the 
number  and  sex  of  living  children  in  the  family.  Probably  most  of  the  per- 
ceived benefits  from  an  added  child  are  highest  when  the  number  of  children 
in  the  family  is  small.  The  incremental  perceived  benefits  become  less  as  the 
number  of  children  increases.  Some  of  the  incremental  costs  of  an  added 
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child  also  diminish  as  the  number  of  children  in  the  family  increases,  but 
others,  such  as  the  effects  on  physical  and  mental  health  and  development, 
tend  to  become  larger.  In  those  countries,  including  most  of  Asia,  in  which 
there  is  a  strong  preference  for  sons,  the  perceived  benefits  from  gaining  at 
least  one  or  two  sons  will  often  lead  families  to  risk  assuming  the  costs  of 
several  daughters. 

Changes  in  the  conditions  or  way  of  life  that  reduce  the  benefits  and 
increase  the  costs  to  the  parents  of  having  children,  and/or  make  it  easier  not 
to  have  children,  will  tend  to  reduce  fertility.  Among  these  variable  factors 
are 

1.  family  income; 

2.  level  of  economic,  social,  and  educational  development  of  the  society; 

3.  agricultural  versus  urban  occupation  and  habitation; 

4.  possibility  and  desire  for  social  and  economic  mobility; 

5.  availability  of  arable  land  and  agricultural  technology; 

6.  child  labor  and  compulsory  education  laws; 

7.  availabihty  of  social  security  or  old-age  insurance; 

8.  employment  opportunities  for  women; 

9.  status  and  decision-making  ability  of  women  in  the  society; 

10.  life  expectancy  of  a  newborn  child,  particulary  the  probability  of 
survival  during  infancy  and  childhood;  and 

11.  availability,  effectiveness,  and  acceptability  of  means  for  preventing  a 
birth. 

Changes  in  the  first  five  of  these  factors  are  affected  by  all  government 
policies  aimed  at  economic  growth  and  social  development,  and  are  largely 
determined  by  the  rates  of  economic  growth.  But  several  specific  govern- 
mental policies  and  programs  which  have  improvement  in  welfare  as  a  primary 
objective  will  also  lower  the  benefits  and  increase  the  costs  of  having  children 
and  are  therefore  also  policies  for  limiting  fertility.  These  policies  are  socially 
beneficial  as  an  integral  part  of  modernization  and  can  be  so  evaluated  quite 
apart  from  any  effects  they  may  have  on  fertility.  On  the  other  hand,  al- 
though they  are  statistically  correlated  with  relatively  low  or  declining  fer- 
tility, the  causal  relations  are  not  entirely  clear.  The  quantitative  magnitude 
of  the  impact  on  fertility  and  the  time  required  for  this  impact  are  uncertain. 
Among  these  multi-objective  welfare  policies  are  the  following: 

Laws  prohibiting  child  labor.  The  parents  lose  the  benefits  of  their  chil- 
dren's earnings,  and  their  costs  are  increased  because  they  must  support  their 
children  rather  than  letting  them  pay  their  own  way. 

Compulsory  education  and  provision  of  educational  facilities.  Children  in 
school  have  greater  material  needs;  they  are  less  beneficial  to  their  parents 
because  they  cannot  work  when  they  are  in  school;  and  often  the  parents 
must  pay  part  or  all  of  the  cost  of  education.  Education  also  has  a  long-range 
effect.  Educated  people,  especially  educated  women,  have  fewer  children 
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than  those  who  are  not  educated,  probably  because  they  perceive  their 
interests  differently. 

Social  security,  old-age  insurance,  and  pensions.  If  old  people  are  sup- 
ported by  the  state  or  through  insurance  or  pension  schemes,  parents  do  not 
have  to  anticipate  depending  on  their  children  for  income  in  their  old  age. 
The  economic  incentive  for  having  children  is  markedly  lessened. 

Employment  opportunities  for  women.  If  employment  outside  the  home 
is  available  to  women,  the  opportunity  costs  of  having  children  are  increased. 
A  woman  who  must  stay  home  to  take  care  of  her  children  must  forego  the 
income  she  could  earn  outside  the  home.  Educational  and  employment  op- 
portunities for  young  women  give  them  an  alternative  to  early  marriage  and 
childbearing,  and  the  age  of  marriage  will  tend  to  rise,  with  a  corresponding 
lowering  of  fertility  rates.  This  is  clearly  occurring  in  certain  districts  of  the 
state  of  Punjab  in  northwestern  India,  where  the  average  age  of  marriage  of 
women  has  risen  steadily  from  about  17  years  in  1956  to  over  20  years  in 
1969,  as  education  and  job  opportunities  for  young  women  in  teaching, 
nursing,  and  other  occupations  have  opened  up.  In  general,  however,  an  ex- 
pansion of  employment  opportunities  for  women  is  difficult  in  less  developed 
countries  where  unemployment  and  underemployment  are  already  wide- 
spread and  the  size  of  the  labor  force  is  rising  more  rapidly  than  the  demand 
for  labor. 

Improvement  in  the  status  of  women.  Improving  the  legal  status  of  women 
through  property,  divorce,  and  inheritance  laws,  giving  women  the  right  to 
vote  and  facilitating  their  exercise  of  voting  rights,  and  secularization  of  the 
marriage  contract  all  tend  to  give  women  both  a  greater  share  in  decision- 
making about  the  size  of  their  families,  and  alternative  purposes  and  opportu- 
nities to  childbearing,  thereby  reducing  the  benefits  of  having  children.  By 
widening  their  horizons  and  their  circle  of  communication,  women  are 
enabled  to  obtain  better  information  on  means  of  hmiting  their  own  fertility 
and  the  reasons  for  doing  so. 

Improvement  in  maternal  health.  Closely  related  to  improvements  in  the 
social  status  of  women  are  health  services  aimed  at  reducing  maternal  mor- 
tality and  morbidity.  These  are  both  markedly  affected  by  the  number  and 
spacing  of  births  experienced  by  the  mother.  Policies  aimed  at  improving 
maternal  health  should  therefore  include  provision  of  information  and  mate- 
rials for  reducing  fertility. 

Reduction  of  infant  and  child  mortality.  High  infant  and  child  mortalities 
are  characteristic  of  nearly  all  less  developed  countries.  Considerable  reduc- 
tion is  possible  through  improvements  in  nutrition,  innoculations  against  in- 
fectious disease,  and  other  public  health  measures.  When  average  infant  and 
child  mortalities  are  high,  the  uncertainty  faced  by  individual  parents  con- 
cerning the  number  of  their  children  who  are  likely  to  survive  is  also  high. 
Parents  may  compensate  for  this  uncertainty  by  accepting  the  cost  of  having 


551 


"extra"  children.  Policies  and  programs  aimed  at  reducing  infant  and  child 
mortality  considerably  below  present  levels,  therefore,  may  be  an  essential 
underpinning  of  governmental  programs  for  fertility  control. 

Several  fiscal  and  other  government  policies  may  also  have  a  direct  effect 
on  the  costs  and  benefits  of  having  an  additional  child.  Some  of  these  policies 
are  listed  here  with  a  tentative  evaluation: 

Village  financing  of  education,  health,  and  welfare  services.  In  many  less 
developed  countries,  the  governments  are  unable  to  raise  sufficient  taxes  to 
pay  for  the  expansion  of  education  required  to  raise  enrollment  ratios  and  to 
keep  up  with  the  rapid  increase  in  numbers  of  children.  At  the  same  time,  the 
demand  for  education  among  rural  people  has  greatly  increased.  To  meet  this 
demand,  it  may  be  necessary  to  pass  part  of  the  responsibility  for  paying  for 
education  to  the  village  level  of  government.  Besides  making  more  education 
possible,  this  policy  would  have  the  further  effect  that  the  villagers  would 
become  sharply  aware  of  the  costs  of  having  large  numbers  of  children,  and 
would  more  clearly  perceive  their  interest  in  lower  fertility  rates.  The  same 
procedure  may  be  necessary  and  desirable,  though  to  a  lesser  extent,  for 
public  health  and  welfare  services. 

Lowering  the  availability  of  housing.  At  least  in  some  countries,  the  avail- 
ability of  housing  appears  to  affect  family  formation  and  the  fertility  be- 
havior of  individual  couples  in  the  urban  environment.  At  the  same  time, 
housing  construction  competes  for  scarce  material  and  skilled  labor  with 
other  industries  needed  for  economic  and  social  development.  In  these  cir- 
cumstances, governmental  allocation  of  resources  away  from  housing  and 
toward  increasing  the  means  of  production  in  other  industries  may  help  re- 
duce fertility.  The  same  result  might  be  obtained  by  placing  occupancy 
ceilings  on  housing,  that  is,  limiting  the  number  of  people  permitted  to 
occupy  a  given  amount  of  living  space. 

Military  and  national  service.  For  national  defense  and  other  reasons, 
many  nations  require  a  large  proportion  of  young  men  to  serve  in  the  armed 
forces.  It  has  been  observed  that  this  tends  to  reduce  fertility,  at  least  in  part 
by  widening  the  horizons  and  the  education  of  the  draftees.  Compulsory  or 
voluntary  national  service  that  fully  utilizes  the  energies  and  abilities  of 
young  women  as  well  as  young  men  could  furnish  an  attractive  alternative  to 
marriage  and  would  thus  help  to  postpone  the  average  age  of  marriage  and 
childbearing— thereby  leading  to  a  significant  lowering  of  fertility  rates. 

Tax  and  welfare  disincentives.  Various  tax  and  welfare  disincentives  have 
been  suggested,  for  example:  abolition  of  income  tax  deductions  for  more 
than  two  or  three  children,  an  added  tax  for  more  than  three  children;  or 
withdrawal  of  maternity  benefits  and  family  allowances  for  all  but  two  or 
three  children.  These  all  need  careful  consideration  on  ethical  grounds:  unless 
a  tax  were  strongly  graduated  by  income,  the  rich  would  be  affected  only 
slightly,  but  the  poor  would  be  seriously  hurt,  and  the  main  impact  would  be 
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on  innocent  people,  namely  on  the  children  of  large  families  among  the  poor, 
who,  as  we  have  seen,  are  already  deprived. 

Material  incentives  for  fertility  control.  Some  economists  have  calculated 
that  nations  with  a  surplus  of  unskilled  labor  will  save  a  substantial  sum  for 
each  birth  prevented.  From  these  calculations  have  sprung  a  number  of  plans 
to  share  this  savings  with  couples  who  refrain  from  bearing  additional  chil- 
dren. In  other  words,  some  kind  of  payment  in  money,  goods,  services,  or 
deferred  income  would  be  given  to  couples  in  which  the  wife  does  not  be- 
come pregnant. 

Under  one  plan,  a  married  woman  under  40  with  at  least  one  child  would 
be  paid  25^  a  month  for  the  first  4  months  she  is  enrolled  in  the  plan,  50^  a 
month  for  the  second  4  months,  with  payments  rising  to  $10  per  year  as  long 
as  she  remains  nonpregnant  and  under  40.  Women  enrolled  in  the  plan  would 
not  only  get  quarterly  payments  but  also  be  provided  with  comprehensive 
medical  services.  Under  another  plan,  developed  at  Ghandigram  in  India, 
rewards  for  nonpregnancy  would  take  the  form  of  community  improvements 
rather  than  payments  to  individuals.  Under  still  another  plan,  couples  with, 
say,  three  children  or  fewer  at  the  end  of  their  childbearing  period  would  be 
entitled  to  an  old-age  pension.  A  fourth  plan  would  provide  an  educational 
bond  for  parents  with  fewer  than  a  designated  number  of  children. 

So  far,  none  of  these  schemes  has  been  tried  even  on  a  pilot  basis.  Officials 
of  a  number  of  governments  have  expressed  interest  in  such  experiments; 
others  regard  them  as  seriously  questionable  on  ethical  grounds.  Plans 
proposed  so  far  seem  expensive  and  difficult  to  administer;  and,  until  a  num- 
ber of  large-scale  pilot  projects  have  been  attempted  to  determine  their  feasibil- 
ity and  acceptability,  whether  they  will  induce  a  significant  change  in  be- 
havior cannot  be  determined. 

The  ethical  implication  of  any  proposal  must  also  be  carefully  considered 
from  the  point  of  view  of  human  dignity  and  distributive  justice.  Pensions  in 
their  old  age  to  parents  who  have  had  less  than  a  certain  number  of  children 
would  appear  to  create  little  injustice  and  in  the  long  run  might  be  more  than 
justified  by  the  benefits  for  all  individuals  in  the  society. 

Involuntary  fertility  control.  Various  schemes  for  involuntary  fertility  con- 
trol have  been  suggested,  including  "putting  something  in  the  water"  that 
would  lower  the  average  fertility  of  the  population,  compulsory  sterilization 
of  parents  after  they  have  acquired  more  than  three  or  four  living  children,  or 
compulsory  sterilization  for  all  people,  which  would  be  reversible  only  by 
obtaining  a  license  from  the  government  to  have  a  child.  Aside  from  their 
political  inviability  or  technical  impossibility  at  the  present  time,  these 
proposals  represent  gross  violations  of  individual  freedom  and  would  appear 
to  be  justifiable  on  the  grounds  of  distributive  justice  only  after  all  other 
methods  of  limiting  population  growth  have  failed. 
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International  sanctions.  International  pressures  on  governments  of  less 
developed  countries  to  expand  and  intensify  their  population  control  pro- 
grams, backed  up  by  such  sanctions  as  the  denial  of  food  aid  to  nonconform- 
ing countries,  have  been  suggested.  Under  present  circumstances,  such  a 
policy  would  be  highly  counterproductive  from  a  practical  point  of  view,  but 
it  is  equally  open  to  condemnation  on  ethical  grounds,  because  it  would 
violate  the  principle  of  distributive  justice  by  penalizing  the  children  of  the 
poorest  classes  in  the  poor  countries,  who  are  most  vulnerable  to  malnutrition 
and  starvation. 

Free  education  for  only  two  or  three  children  in  each  family.  In  a  country 
in  which  the  resources  are  inadequate  to  educate  all  children,  it  would  appear 
reasonable  to  place  the  burden  of  being  not  educated  in  such  a  way  as  to 
encourage  parental  responsibility,  provided  all  couples  had  equal  and  ade- 
quate access  to  means  of  fertility  control.  The  difficulty  here  is  the  practical 
one— the  educational  system  in  most  less  developed  countries  could  not  be  so 
finely  adjusted. 

Policy  Formation  and  Management 

Population  policies  are  a  new  and  untested  area  for  politicians  and  admin- 
istrators, who  have  neither  tradition  nor  public  consensus  to  guide  them. 
Moreover,  because  of  the  long-term  quality  of  population  poHcies,  the  govern- 
ments of  less  developed  countries,  which  are  commonly  pressed  almost  be- 
yond their  capabiUty  by  urgent  day-to-day  problems  that  may  threaten  the 
very  stability  of  regimes,  have  tended  to  put  population  problems  and  poli- 
cies to  deal  with  them  into  the  hmbo  of  things  to  be  done  when  time  permits. 
Most  of  the  economists  and  planners  who  advise  government  leaders  have 
had  neither  the  statistical  data  nor  the  analytical  tools  to  be  able  to  fit  pop- 
ulation questions  into  their  structure  of  analysis  and  planning. 

The  Special  Character  of  Population  Policies 

These  and  other  difficulties  give  a  special  character  to  the  formation  of 
population  policies.  To  create  a  pubUc  consensus,  they  should  be  initiated  by 
programs  of  public  education  and  debate.  Because  population  changes  are 
fundamental  to  all  aspects  of  the  peoples'  welfare,  leadership  needs  to  be 
taken  at  the  highest  political  and  government  level.  To  serve  national  develop- 
ment goals,  policies  must  be  based  on  adequate  demographic  and  economic 
data.  Economic  and  other  advisers  need  to  learn  new  ways  of  thinking  and 
new  tools  of  analysis,  illuminated  by  all  the  knowledge  and  understanding 
available  in  the  field.  Because  population  policies  must  be  highly  innovative, 
there  is  much  room  for  experimentation,  and  because  of  their  long-term 
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character,  experimentation  is  feasible.  But  if  this  experimentation  is  to  be 
useful,  a  great  deal  of  attention  needs  to  be  paid  to  realistic  evaluation  of  the 
results  of  policies  and  programs. 

Policy  Coordination 

It  is  tempting  to  suggest  that  population  policies  are  so  important,  funda- 
mental, and  far-reaching  that  they  should  be  the  province  of  a  special  minis- 
try of  population  at  the  cabinet  level  within  national  governments.  But  the 
essence  of  population  problems  is  their  pervasive  character.  Population- 
responsive  policies  to  deal  with  the  effects  of  rapid  population  growth  must 
be  part  of  the  responsibility  of  the  ministries  that  deal  with  education,  health, 
agriculture,  urbanization,  transportation,  labor,  housing,  welfare,  and  even 
finance  and  defense.  All  these  ministries  need  a  sophisticated  understanding 
of  the  ways  in  which  population  changes  affect  their  areas  of  concern. 

Similarly,  government  actions  to  reduce  fertility  can  be  expected  to  be 
most  successful  only  if  several  kinds  of  population-influencing  policies  in 
education,  health  services,  public  law,  food  and  nutrition,  biological  and 
social  research,  and  social  security  are  brought  to  bear  simultaneously.  This 
calls  for  coordinated  planning  and  action  by  many  different  arms  of  govern- 
ment. The  seat  of  coordination  should  be  in  the  jurisdictionally  neutral  but 
administratively  powerful  unit  of  government  that  sets  priorities  in  the  light 
of  politically  established  goals.  In  some  countries  this  will  be  the  planning 
commission;  in  others,  the  executive  office  of  the  president  or  prime  minister; 
in  others,  a  presidential  council  or  commission.  The  burden  of  the  co- 
ordinating task  is  to  ensure  that  executive  agencies  with  different  primary 
missions  manage  their  affairs  through  multi-objective  population-influencing 
policies  of  the  kind  we  have  described  so  as  to  maximize  their  contribution  to 
the  national  goal  of  fertility  reduction. 

Administration  and  Personnel  for  Population-Influencing  Policies 

This  "systems  approach"  to  population  policy  requires  extensive  training 
of  managers,  recasting  of  budgets,  development  of  an  international  network 
for  exchanging  information  and  ideas,  creation  of  professional  standards  and 
career  opportunities  for  population  planners  and  administrators,  and  organ- 
ization and  funding  of  many  different  kinds  of  research. 

As  in  all  fields  of  government  action,  population-influencing  policies  call 
for  the  allocation  of  scarce  resources  and  the  setting  of  priorities.  The  scarcest 
resources  in  most  less  developed  countries  are  competent  administrators,  par- 
ticularly at  the  lower  levels  and  the  front  lines  of  action.  Immediate  priority 
is  likely  to  be  given  to  policies  and  programs  that  can  be  combined  with  other 
ongoing  activities  and  do  not  call  for  the  creation  of  new  administrative 
services:  for  example,  provision  of  family  planning  services  through  existing 
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public  health  clinics.  But  policies  to  control  fertility  are  so  important,  and  so 
specialized,  that  in  the  long  run  it  will  be  necessary  to  train,  equip,  and  set  in 
place  new  administrative  cadres. 

In  part  because  experienced,  specialized  personnel  for  fertility  control 
programs  are  very  scarce  but  largely  because  physicians  have  long  thought  of 
birth,  like  illness  and  death,  as  their  province,  and  the  public  has  agreed  with 
them,  physicians  and  other  medically  trained  personnel  should  be  given  edu- 
cation and  training  in  population  problems  as  well  as  methods  of  fertility 
control.  Their  enthusiastic  concurrence  in  fertility  control  programs  is  essen- 
tial in  the  early  stages. 

Public  information  and  education  are  also  basic  elements  of  population- 
influencing  policies,  whether  the  concern  is  for  fertility,  mortality,  or  migra- 
tion. Education  and  motivation  of  parents  to  realize  their  options,  rights,  and 
duties  to  their  own  family  and  to  the  community  must  be  an  integral  part  of 
fertility  control  programs.  Specialists  in  adult  and  health  education  and  in 
public  communications  through  newspapers,  radio,  television,  voluntary  asso- 
ciations, community  leaders,  and  other  means  are  needed  to  develop,  carry 
out,  and  evaluate  these  tasks. 

Multilateral  and  Bilateral  A  ssistance 

Governments  can  learn  from  each  other's  experience  in  this  new  field,  and 
they  can  be  stimulated  to  action  by  confrontation  with  effective  policies  of 
other  countries.  The  United  Nations  and  its  specialized  agencies,  especially 
the  World  Health  Organization  and  UNESCO,  can  be  immensely  helpful  in 
this  process  of  intergovernmental  learning. 

Developed  countries  can  play  a  major  role  through  bilateral  technical  assis- 
tance in  helping  to  carry  out  population  policies  that  a  developing  country 
would  like  to  establish  but  which  call  for  greater  material,  technical,  and 
human  resources  than  are  available  in  the  country. 

Role  of  Nongovernmental  Organizations 

Private  agencies  dealing  with  health,  family  planning,  migration,  and 
urbanization  problems  should  be  encouraged  to  continue  even  after  govern- 
ment enters  these  fields.  The  private  agencies  should  be  looked  to  for  innova- 
tion, experiment,  and  approaches  not  feasible  for  governments,  rather  than 
for  duplication  of  government  services. 

Stages  of  Implementation  for  Fertility  Control  Policies 

Just  as  other  government  policies  and  programs  should  be  subject  to 
annual  review  and  modification  in  the  light  of  changing  conditions,  fertility 
control  policies  also  need  to  be  kept  under  scrutiny  and  frequently  modified. 
In  most  less  developed  countries,  the  first  stages  of  policy  will  depend  on  a 
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very  considerable  improvement  in  census  and  vital  statistics  and  their  analysis. 
Public  education  and  debate  should  be  encouraged  as  soon  as  possible.  Trial 
programs  should  be  initiated  and  carefully  evaluated.  A  nationwide  organiza- 
tion must  be  developed,  which  will  function  differently  in  cities  than  in  rural 
areas.  Accurate  record-keeping  is  important,  but  it  should  not  be  pushed  too 
hard  at  first,  nor  should  quotas  and  other  high-pressure  devices  be  used  until  a 
satisfactory  methodology  has  been  developed  and  success  seems  assured.  The 
program  must  not  move  very  much  faster  than  the  people  whom  it  serves. 
Their  attitudes,  values,  prejudices,  and  lack  of  information  must  be  treated 
with  respect  and  compassion. 

Fertility  control  policies  can  be  effective  only  if  they  change  the  reproduc- 
tive behavior  of  many  individual  couples.  To  a  large  extent  in  the  less  devel- 
oped countries  this  calls  for  the  efforts  of  thousands  of  well-trained,  knowl- 
edgeable, front-line  workers  in  continuing  personal  contact  with  individual 
men  and  women  in  tens  of  thousands  of  villages  and  towns.  The  problems  are 
somewhat  like  those  of  agricultural  extension  services  in  changing  the  agricul- 
tural practices  of  small,  independent  farmers,  and  quite  different  from  those 
of  malaria  control  or  mass  innoculation  programs,  which  require  a  minimum 
of  personal  contacts.  Much  of  the  work  is  pedestrian,  involving  meticulous 
attention  to  detail  and  the  expeditious  solving  of  day-to-day  problems  as  they 
arise.  Yet  the  reduction  of  birth  rates  in  Taiwan  and  South  Korea  during  the 
last  few  years  is  in  considerable  part  the  result  of  such  patient,  careful  efforts 
by  people  at  all  levels  in  family  planning  organizations. 
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V 


Recommendations 


This  study  of  the  consequences  of  rapid  population  growth  and  their  poUcy 
imphcations  has  led  to  the  policy  recommendations  that  follow.  Having  of- 
fered a  number  of  options  in  the  preceding  sections,  we  now  select  those  we 
think  are  the  most  viable  for  the  near  future  to  help  societies  cope  with  and 
influence  population  trends. 

We  are  deeply  conscious  that  the  issues  and  actions  associated  with  popula- 
tion questions  are  of  enormous  importance  in  the  lives  of  individual  men  and 
women.  For  this  reason  we  base  our  first  recommendation  on  the  ethical 
premise  that  freedom  and  knowledge  should  be  extended  so  that  people  can 
act  in  their  own  best  interest— both  individually  and  collectively.  It  seems 
quite  contrary  to  society's  highest  aspirations  for  men  to  assume,  as  some  do, 
that  their  salvation  can  be  accomplished  only  through  coercion. 

Recommendation  One:  Freedom  To  Determine 

Family  Size 

We  urge  that  governments  extend  to  women  and  men  the  freedom  and 
means  to  determine  the  number  of  children  in  each  family  and  the  knowledge 
which  will  help  them  exercise  responsible  parenthood. 

1.  A  full  range  of  acceptable,  easily  used,  and  effective  means  of  pre- 
venting births  ought  to  be  made  accessible  by  governments  to  all  persons  of 
reproductive  age;  if  necessary,  at  nominal  or  no  cost. 

2.  Wide  dissemination  of  full  information  on  all  the  means  of  preventing 
births,  on  the  economic,  social,  and  health  benefits  of  small  family  size,  and 
on  the  cumulative  nature  of  the  burdens  caused  by  large  families  should  be 
given  high  priority  both  by  governments  and  private  institutions. 

Information  and  advice  about  family  planning  must  be  factual  and  based 
as  far  as  possible  on  the  special  conditions  in  each  country.  Very  few  coun- 
tries come  even  close  to  fulfilling  these  ideals,  not  even  the  developed  coun- 
tries, which  can  most  easily  afford  their  costs.  Real  freedom  of  choice  of 
family  size  with  access  to  the  best  modern  technology  of  fertility  control  is 
completely  beyond  the  reach  of  well  over  half  a  billion  families  on  the  earth 
today. 
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3.  Legal  and  social  barriers  to  fertility  control  should  be  promptly  re- 
moved and  broad  social  acceptance  and  support  of  fertility  control  should  be 
fostered,  including,  where  health  services  permit,  medically  safe  abortions  and 
sterilization. 

Recommendation  Two:  National  Population-Influencing 

Policies 

To  serve  national  objectives  of  economic  development,  public  health  and 
welfare,  and  environmental  conservation,  we  recommend  that  all  nations 
establish  policies  to  influence  the  rate  of  growth  of  their  populations  and  to 
adopt  poHtically  and  ethically  acceptable  measures  toward  this  end  that  are 
within  their  administrative  and  economic  capability.  For  most  nations  of  the 
world  the  major  goal  of  population-influencing  policies  should  be  a  reduction 
in  fertility. 

Responsible  population-influencing  policies  require  adequate  demographic 
data  and  analysis  and  will  always  take  into  account  the  attitudes  and  felt 
needs  of  the  people.  They  can  be  formulated  best  in  the  light  of  economic 
and  political  analysis  of  the  complex  interrelationships  between  population 
growth  and  economic  and  social  development  and  with  full  understanding  of 
the  benefits  to  individual  families  of  a  small  number  of  children  in  each 
family. 

1 .  The  highest  level  of  government  is  the  natural  locus  for  leadership  in 
the  formulation  of  population-influencing  policies  and  the  coordination  of 
policy-implementing  programs. 

Many  departments  of  government,  including  those  concerned  with  educa- 
tion, health  and  welfare,  public  laws,  food  and  nutrition,  biological  and  social 
research,  housing,  social  security,  and  national  service,  should  be  involved  in 
planning  and  carrying  out  welfare  and  other  policies  that  have  fertility  reduc- 
tion as  one  objective.  These  policies  can  best  be  coordinated  and  resources 
allocated  for  their  implementation  by  the  planning  or  budgeting  agencies  of 
governments  if  they  are  to  make  a  maximum  contribution  to  the  national 
goals  of  fertility  reduction. 

2.  Public  policies  and  programs  pertaining  to  human  fertility  require  re- 
view at  frequent  intervals  to  facilitate  modification  in  the  light  of  changing 
conditions. 

There  is  much  room  for  experimentation  because  such  programs  are  highly 
innovative,  but  the  experimentation  will  be  most  useful  only  if  the  results  are 
realistically  evaluated.  If  they  are  successful,  the  programs  will  pass  through  a 
series  of  stages.  At  all  stages,  the  attitudes,  values,  and  level  of  information  of 
the  people  being  served  should  influence  the  program  planners. 

The  effects  of  population  shifts,  urbanization,  mortality  reduction  pro- 
grams, and  other  population-influencing  factors  must  be  carefully  weighed  as 
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conditions  change,   because   age  and  sex  distribution  patterns,  as  well  as 
population  density,  create  a  continuously  changing  matrix  for  policy. 

Recommendation  Three:  Short-Term  Growth 
Rate,  Death  Rate,  and  Birth  Rate  Goals. 

First:  We  urge  that  countries  in  which  rapid  population  growth  is  now 
occurring  seek  to  reduce  their  rates  of  natural  increase  to  less  than  15  per 
1,000  per  year  over  the  next  2  decades.  Relatively  low-fertility  countries  that 
are  already  growing  more  slowly  than  this  should  seek  to  approach  more 
closely  a  stationary  population  level  over  the  next  20  years. 

Second:  We  urge  that  in  high-mortality  countries,  modernization  policies 
sufficient  to  accomplish  a  reduction  in  fertility  be  accompanied  by  policies  of 
equivalent  priority  in  order  to  reduce  death  rates  to  less  than  10-15  per  1,000 
per  year. 

Third:  We  urge  that  high-fertility  countries  set  as  a  goal  of  population 
policy  the  reduction  of  birth  rates  within  the  next  2  decades  to  less  than 
25-30  live  births  per  1 ,000  people  per  year. 

What  constitutes  a  rational  fertility  level  will  obviously  vary  with  circum- 
stances, but  we  urge  that  significant  limits  can  and  should  be  identified.  Thus 
it  seems  to  us  that  there  are  clear  disadvantages  of  a  national  birth  rate  above 
30  live  births  per  1,000  people  per  year.  The  weight  of  evidence  and  rational 
presumption  concerning  socioeconomic  consequences  strongly  favors  a  birth 
rate  of  25  or  less  over  one  of  35  or  higher.  It  is  unquestionably  desirable  for 
the  welfare  of  children  and  mothers  to  reduce  the  number  of  children  ever 
born  in  the  average  family  to  a  much  lower  level  than  the  range  of  six  or  more 
that  now  exists  in  many  countries. 

Within  the  proposed  limits  on  birth  rates,  individual  societies  and  nations 
would  find  ample  room  for  specific  policies  of  fertility  reduction  that  meet 
their  criteria  of  cultural  self-determination  and  socioeconomic  prudence. 

As  death  rates  are  brought  below  10-15  per  1 ,000  in  present  higli-fertility, 
high-mortality  countries,  birth  rates  should  be  correspondingly  reduced.  For 
present  low-fertility  countries,  the  recommendation  implies  an  effort  to  ap- 
proach a  "replacement  level"  of  fertility. 

The  magnitude  of  the  policy  challenge  underlying  the  attainment  of  the 
above  proposed  limits  on  fertility  is  extraordinary.  For  the  large  majority  of 
the  world's  population  and  for  nearly  all  less  developed  nations,  a  drop  in  the 
birth  rate  below  25-30  per  1 ,000  per  year  would  represent  a  historic  break 
with  the  past  and  would  be  spectacular  if  aiccomplished  within  1  or  2  decades. 
Demographically,  the  fertility  targets  being  urged  here  represent  a  call  to 
revolutionary  demographic  transition,  moderated  by  a  precautionary  regard 
for  cultural  pluralism,  and  by  a  generous  allowance  for  different  socio- 
economic welfare  goals  in  different  parts  of  the  world. 
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Moreover,  the  central  point  of  the  recommendations  is  that  they  contem- 
plate the  near  future— the  next  20  years.  From  a  practical  point  of  view,  little 
is  gained  by  proclaiming  the  virtues  of  very  long-term  demographic  equilib- 
rium conditions,  even  if  these  virtues  could  be  demonstrated  uncontestably. 
Indeed,  we  see  room  for  harm  if  such  an  approach  were  to  usurp  the  place  of 
considered  deliberation  by  national  leaders  about  needed  next  steps  toward 
demographic  amelioration.  A  policy  approach  that  proposes  an  unrealistic 
goal  and  threatens  disaster  if  it  is  not  adopted  is  likely  to  promote,  rather 
than  allay,  apathy  or  opposition. 

Recommendation  Four:  Accelerating  the  Trend 

TOWARD    THE    SmALLER    FaMILY 

Governmental  and  private  efforts  should  be  expanded  to  accelerate  the 
trend  toward  the  smaller  family  and  the  sense  of  individual  responsibility 
toward  society. 

Planned  and  coordinated  factual  campaigns  of  public  education  and  com- 
munication through  television,  radio,  the  press,  outdoor  advertising,  volun- 
tary associations,  community  leaders,  and  personal  explanation  by  family 
planning  workers  are  means  to  accomplish  this  end. 

True  freedom  to  determine  family  size  can  be  reaUzed  only  if  it  is,  like  all 
other  human  freedoms,  tempered  by  the  concern  of  the  individual  for  the 
rights  and  interests  of  others.  The  essence  of  the  matter  is  to  protect  both 
society  and  the  individual.  In  this  instance  society  needs  protection  from  the 
undesirable  effects  of  high  fertility  and  the  individual  needs  protection  from 
ignorance,  coercion,  and  inequitable  access  to  the  technical  resources  of 
society. 

Recommendation  Five:  Multi-Objective  Policies 

We  recommend  that  many  of  the  social  policies  of  governments  include 
among  their  objectives  that  of  increasing  the  desirability  of  small  families. 

The  attitudes  of  parents  toward  family  size  are  most  likely  to  change  if  the 
social  environment,  opportunities,  and  personal  relations  are  altered  in  ways 
that  help  parents  perceive  their  interest  differently. 

Policies  that  increase  parents'  interest  in  small  families,  while  at  the  same 
time  serving  other  desirable  goals,  include  laws  prohibiting  child  labor;  compul- 
sory education  and  provision  of  educational  facilities;  social  security,  old  age 
insurance,  and  pensions;  employment,  educational,  and  career  opportunities 
for  women;  improvement  in  the  status  of  women;  improvement  in  maternal 
health;  and  reduction  of  infant  and  child  mortality. 

Other  poHcies,  related  to  methods  of  financing  education  and  welfare 
services,  allocation  of  resources  and  occupancy  levels  for  housing,  and  various 
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types  of  compulsory  or  voluntary  national  service,  can  likewise  be  directed 
toward  reducing  fertility,  as  well  as  toward  other  objectives. 

Population  policies  should  be  understandable  and  widely  acceptable  to  the 
people.  They  should  help  children  and  the  poor  and  deprived,  not  place 
burdens  on  them.  Tliis  approach  in  reducing  fertility  is  particularly  relevant 
for  policies  involving  tax  and  welfare  incentives  and  disincentives.  The  allevia- 
tion of  poverty  and  greater  welfare  both  for  children  and  adults  is  the  ulti- 
mate objective  and  should  be  clearly  perceived  as  such  by  the  people. 

Recommendation  Six:  Population-Responsive  Policies 

We  urge  that  policies  designed  to  deal  with  the  effects  of  population 
change  be  established  by  government  departments  concerned  with  education, 
health,  agriculture,  urbanization,  transportation,  labor,  housing,  welfare, 
finance,  and  defense. 

Economists  and  planners  who  advise  these  agencies  can  enhance  their 
effectiveness  greatly  by  seeking  greater  knowledge  and  understanding  of  the 
ways  in  which  population  changes  affect  their  areas  of  concern  and  by  devel- 
oping the  demographic  and  economic  data  and  analytical  tools  needed  for 
this  purpose. 

The  changing  effects  of  age  and  sex  distribution  patterns  and  shifts  in 
population  density  make  population-responsive  policies  ever  vulnerable  to 
short-  and  long-term  demographic  changes,  many  of  which  can  be  anticipated 
by  close  examination  of  trends.  Policymakers  and  planners  must  be  alert  to 
these  changes  as  they  affect  current  legislation  and  administrative  practice 
and  as  they  set  the  stage  for  the  future. 

Recommendation  Seven:  Population  Policy  in  the 
International  Context 

We  recommend  that  developed  countries  expand  their  multilateral  and 
bilateral  technical  assistance  to  developing  countries  by  providing  material, 
technical,  and  human  resources  to  help  carry  out  policies  and  programs  aimed 
at  lowering  mortahty  and  fertihty,  improving  the  conditions  of  urbanization, 
and  solving  other  population  problems. 

It  is  vital  to  recognize,  however,  that  population  programs  and  support  for 
fertility  limitation  cannot  be  regarded  as  a  substitute  for  long-term  assistance 
designed  to  raise  people's  standards  of  health,  education,  consumption,  and 
welfare.  A  rapid  decline  in  fertility  may  not  be  possible  without  rising  levels 
of  education  and  communication. 

Technical  assistance  can  often  be  effectively  provided  directly  by  a  devel- 
oped country  to  a  developing  one  or  by  one  developing  country  to  another. 

The  developed  countries  cannot  fail  to  recognize  the  long-term  nature  of 
many  aspects  of  population  problems  and  their  profound  relationship  to 
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national  aspirations  in  the  developing  countries.  Multilateral  and  bilateral 
programs  of  technical  assistance  require  continuity  over  many  years  and 
should  emphasize  economic  and  social  development  as  a  primary  goal. 

By  virtue  of  its  leadership  in  population  research  and  its  commitment  to 
the  enhancement  of  the  lot  of  the  poor  of  the  world,  the  United  States  of 
America  is  in  a  unique  position  to  provide  continuing  support  on  a  long-term 
and  unequivocal  basis  to  help  other  countries  and  international  agencies  carry 
out  voluntary  fertility-limiting  programs. 

1.  The  United  Nations  and  its  speciahzed  agencies,  particularly  the  U.N. 
Fund  for  Population  Activities,  the  World  Health  Organization,  and 
UNESCO,  ought  to  give  high  priority  to  helping  their  member  states  learn 
from  one  another  about  population  goals  and  the  conduct  of  fertiHty-reduc- 
ing  programs. 

Information  exchange  among  countries  has  been  one  of  the  most  suc- 
cessful activities  of  the  United  Nations  agencies  in  other  fields,  and  these 
agencies  are  uniquely  qualified  for  this  function.  Among  the  promising  possi- 
bilities is  the  "confrontation"  technique  of  the  Organization  for  Economic 
Cooperation  and  Development. 

2.  The  United  Nations  Development  Program  and  other  U.N.  agencies  and 
regional  organizations,  such  as  the  Pan  American  Health  Organization  and  the 
Organization  of  American  States,  are  urged  to  greatly  strengthen  their  staffs 
and  procedures  to  increase  the  effectiveness  of  their  technical  assistance  for 
fertility-reduction  programs.  Multilateral  assistance  through  intergovern- 
mental agencies  will  often  be  more  acceptable  than  bilateral  assistance  to 
developing  countries;  therefore  it  is  important  to  improve  its  quality. 

3.  A  United  Nations  agency  (such  as  the  World  Bank)  should  take  the  lead 
in  preparing  a  world  budget  of  the  needs  during  the  next  2  decades  to  carry 
out  programs  of  fertihty  and  mortality  reduction  in  all  developing  countries. 

Such  a  world  budget  would  be  comparable  to  the  Indicative  World  Plan  for 
Agricultural  Development  prepared  by  the  Food  and  Agricultural  Organiza- 
tion. It  is  suggested  that  it  include,  among  other  things,  provision  for  re- 
search; training;  collection  and  analysis  of  demographic  data;  public  educa- 
tion and  communications;  contraceptive  materials;  services  of  physicians, 
paramedical  and  other  personnel;  transportation  and  other  expenses;  program 
evaluation;  and  welfare  policies  that  would  reduce  the  desired  numbers  of 
children  and  are  feasible  in  different  countries.  It  will  be  important  to  try  to 
forecast  alternative  sequences  of  program  development  and  identify  potential 
sources  of  funds  and  modes  of  financing;  particularly  the  requirements  for 
technical  and  financial  assistance  among  countries. 

4.  We  applaud  the  work  of  foundations,  voluntary  associations,  and  other 
private  organizations  and  urge  that  they  be  encouraged  in  research  and  action 
programs  for  fertility  reduction. 


563 


The  private  agencies  are  a  superb  source  to  be  looked  to  for  innovation, 
experimentation,  and  approaches  not  feasible  for  governments,  rather  than 
for  duplication  of  government  services. 

Recommendation  Eight:  the  Need  for  Research 

To  the  student  of  population  problems  the  need  for  further  research  is 
painfully  obvious.  Our  study  on  the  policy  impHcations  of  rapid  population 
growth  has  demonstrated  this  need  to  us  with  extraordinary  clarity.  It  is  the 
habit  of  scholars  to  call  for  more  research,  but  the  case  for  population  re- 
search appears  to  us  to  be  compelling  for  the  people  of  the  world.  Therefore: 

First:  We  urge  that  govemments,  in  both  developed  and  developing  coun- 
tries, support  research  on  reproductive  physiology  and  methods  of  fertility 
control  and  on  the  economic,  social,  and  health  factors  that  determine  fer- 
tility behavior. 

International  cooperation  in  such  research  can  contribute  greatly  to  its 
effectiveness  because  the  many  types  of  research  needed  in  different  cultures, 
the  interdisciplinary  character  of  such  research,  and  the  numbers  of  institu- 
tions and  people  involved  require  global  exchange  of  information  and  mutual 
assistance. 

Second:  In  addition  to  strengthening  ongoing  efforts,  we  propose  that  a 
number  of  international  research  centers  on  population  problems  be  estab- 
lished and  supported,  at  least  in  part,  through  intergovernmental  technical 
assistance  mechanisms. 

Third:  We  urge  governments  and  private  agencies  to  expand  university 
research  and  teaching  on  the  role  of  demographic  factors  in  economic  and 
social  change. 

Problems  concerning  which  more  information  and  understanding  are 
needed  include  the  consequences  of  population  change  for  economic  and 
social  development;  urbanization  and  internal  migration;  labor  policy  and 
industrialization;  agriculture  and  nutrition;  health  and  welfare;  education  and 
communications;  natural  resources  and  environmental  quality;  and  conflicts 
among  ethnic,  linguistic,  and  other  social  groups. 

These  recommendations  and  our  comments  are  not  designed  to  present  a 
comprehensive  solution  to  the  world's  population  problems;  they  are  simply 
our  selection  of  the  most  useful  options  as  of  summer  1970.  We  have,  as  one 
result  of  this  study,  come  to  realize  that  comprehensive  closure  on  most 
aspects  of  population  is  impossible  simply  because  we  do  not  know  enough. 
This  is  our  best  estimate  of  the  immediate  needs  in  terms  of  both  prompt 
action  programs  for  the  next  few  years  and  the  research  required  to  make 
future  policies  more  effective  througli  an  expanded  base  of  knowledge. 
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Preface 


For  the  first  time  in  the  history  of  our  country,  the  President  and 
the  Congress  have  estabhshed  a  Commission  to  examine  the  growth 
of  our  population  and  the  impact  it  will  have  upon  the  American 
future.   In  proposing  this  Commission  in  July  1969,  President 
Nixon  said:   "One  of  the  most  serious  challenges  to  human  destiny 
in  the  last  third  of  this  century  will  be  the  growth  of  the  popula- 
tion. Whether  man's  response  to  that  challenge  will  be  a  cause  for 
pride  or  for  despair  in  the  year  2000  will  depend  very  much  on 
what  we  do  today."  The  Commission  was  asked  to  examine  the 
probable  extent  of  population  growth  and  internal  migration  in  the 
United  States  between  now  and  the  end  of  this  century,  to  assess 
the  impact  that  population  change  will  have  upon  government 
services,  our  economy,  and  our  resources  and  environment,  and  to 
make  recommendations  on  how  the  nation  can  best  cope  with 
that  impact. 

In  our  Interim  Report  a  year  ago,  the  Commission  defined  the 
scope  of  our  mandate:  ".  .  .  to  formulate  pohcy  for  the  future"— 
policy  designed  to  deal  with  "the  pervasive  impact  of  population 
growth  on  every  facet  of  American  life."  We  said  that  population 
growth  of  the  magnitude  we  have  experienced  since  World  War  II 
has  multiplied  and  intensified  many  of  our  domestic  problems  and 
made  their  solution  more  difficult.  We  called  upon  the  American 
people  to  begin  considering  the  meaning  and  consequences  of 
population  growth  and  internal  migration  and  the  desirability  of 
formulating  a  national  policy  on  the  question. 

Since  then,  the  Commission  and  staff  have  conducted  an  extensive 
inquiry.  We  have  enlisted  many  of  the  nation's  leading  scientists 
in  more  than  100  research  projects.  We  have  heard  from  more 
than  100  witnesses  in  public  hearings  across  the  country  and  have 
met  with  experts  in  many  days  of  executive  meetings.  And  we  are 
aware  that  population  has  become  an  active  subject  of  considera- 
tion in  a  number  of  states  in  our  country  concerned  about  their 
future.   We  have  come  to  recognize  that  the  racial  and  ethnic 
diversity  of  this  Commission  gives  us  confidence  that  our  recom- 
mendations—the consensus  of  our  members— do  indeed  point  the 
way  in  which  this  nation  should  move  in  solving  its  problems. 
Because  of  the  importance  of  this  matter,  the  Commission  recom- 
mends that  future  federal  commissions  include  a  substantial 
representation  of  minorities,  youth,  poor  citizens,  and  women 
among  their  members,  including  congressional  representatives,  and 
the  commission  staffs  and  consultants  include  significant  numbers 
of  minorities,  youth,  and  women. 

We  offer  this  report  in  the  hope  that  our  viewpoints  and  recom- 
mendations will  stimulate  serious  consideration  and  response  by 
the  citizens  of  this  nation  and  of  nations  throughout  the  world  to 
an  issue  of  great  consequence  to  present  and  future  generations. 
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Chapter  1: 


Perspective  on  Population 


In  the  brief  history  of  this  nation,  we  have  always 
assumed  that  progress  and  "the  good  life"  are  connected 
with  population  growth.  In  fact,  population  growth  has 
frequently  been  regarded  as  a  measure  of  our  progress. 
If  that  were  ever  the  case,  it  is  not  now.  There  is  hardly 
any  social  problem  confronting  this  nation  whose 
solution  would  be  easier  if  our  population  were  larger. 
Even  now,  the  dreams  of  too  many  Americans  are  not 
being  realized;  others  are  being  fulfilled  at  too  high  a 
cost.  Accordingly,  this  Commission  has  concluded  that 
our  country  can  no  longer  afford  the  uncritical  accept- 
ance of  the  population  growth  ethic  that  "more  is 
better."  And  beyond  that,  after  two  years  of  concen- 
trated effort,  we  have  concluded  that  no  substantial 
benefits  would  result  from  continued  growth  of  the 
nation's  population. 

The  "population  problem"  is  long  run  and  requires 
long-run  responses.  It  is  not  a  simple  problem.  It  cannot 
be  encompassed  by  the  slogans  of  either  of  the  prevalent 
extremes:  the  "more"  or  the  "bigger  the  better" 
attitude  on  the  one  hand,  or  the  emergency -crisis 
response  on  the  other.  Neither  extreme  is  accurate  nor 
even  helpful. 

It  is  a  problem  which  can  be  interpreted  in  many 
ways.  It  is  the  pressure  of  population  reaching  out  to 
occupy  open  spaces  and  bringing  with  it  a  deterioration 
of  the  environment.  It  can  be  viewed  as  the  effect  on 
natural  resources  of  increased  numbers  of  people  in 
search  of  a  higher  standard  of  living.  It  is  the  impact  of 
population  fluctuations  in  both  growth  and  distribution 
upon  the  orderly  provision  of  pubhc  services.  It  can  be 
seen  as  the  concentration  of  people  in  metropolitan 
areas  and  depopulation  elsewhere,  with  all  that  implies 
for  the  quality  of  life  in  both  places.  It  is  the  instability 
over  time  of  proportions  of  the  young,  the  elderly,  and 
the  productive.  For  the  family  and  the  individual,  it  is 
the  control  over  one's  life  with  respect  to  the  reproduc- 
tion of  new  life-H;he  formal  and  informal  pronatalist 


pressures  of  an  outmoded  tradition,  and  the  disad- 
vantages of  and  to  the  children  involved. 

Unlike  other  great  public  issues  in  the  United 
States,  population  lacks  the  dramatic  event— the  war, 
the  riot,  the  calamity— that  galvanizes  attention  and 
action.  It  is  easily  overlooked  and  neglected.  Yet  the 
number  of  children  bom  now  will  seriously  affect  our 
lives  in  future  decades.  This  produces  a  powerful  effect 
in  a  double  sense:  Its  fluctuations  can  be  strong  and  not 
easUy  changed;  and  its  consequences  are  important  for 
the  welfare  of  future  generations. 

There  is  scarcely  a  facet  of  American  life  that  is 
not  involved  with  the  rise  and  fall  of  our  birth  and  death 
rates:  the  economy,  environment,  education,  health, 
famUy  life  and  sexual  practices,  urban  and  rural  life, 
govemmentjil  effectiveness  and  political  freedoms, 
religious  norms,  and  secular  life  styles.  If  this  country  is 
in  a  crisis  of  spirit— environmental  deterioration,  racial 
antagonisms,  the  plight  of  the  cities,  the  international 
situation— then  population  is  part  of  that  crisis. 

Although  population  change  touches  all  of  these 
areas  of  our  national  life  and  intensifies  our  problems, 
such  problems  will  not  be  solved  by  demographic  means 
alone.  Population  policy  is  no  substitute  for  social, 
economic,  and  environmental  policy.  Successfully 
addressing  population  requires  that  we  also  address  our 
problems  of  poverty,  of  minority  and  sex  discrimina- 
tion, of  careless  exploitation  of  resources,  of  environ- 
mental deterioration,  and  of  spreading  suburbs,  de- 
caying cities,  and  wasted  countrysides.  By  the  same 
token,  because  population  is  so  tightly  interwoven  with 
all  of  these  concerns,  whatever  success  we  have  in 
resolving  these  problems  will  contribute  to  easing  the 
complex  system  of  pressures  that  impel  population 
growth. 

Consideration  of  the  population  issue  raises  pro- 
found questions  of  what  people  want,  what  they 
need— indeed,  what  they  are  for.  What  does  this  nation 
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stand  for  and  where  is  it  going?  At  some  point  in  the 
future,  the  finite  earth  will  not  satisfactorily  accom- 
modate more  human  beings— nor  will  the  United  States. 
How  is  a  judgment  to  be  made  about  when  that  point 
will  be  reached?  Our  answer  is  that  now  is  the  time  to 
confront  the  question:  "Why  more  people?"  The  answer 
must  be  given,  we  believe,  in  qualitative  not  quantitative 
terms. 

The  United  States  today  is  characterized  by  low 
population  density,  considerable  open  space,  a  declining 
birthrate,  movement  out  of  the  central  cities— but  that 
does  not  eliminate  the  concern  about  population.  This 
country,  or  any  country,  always  has  a  "population 
problem,"  in  the  sense  of  achieving  a  proper  balance 
between  size,  growth,  and  distribution  on  the  one  hand, 
and,  on  the  other,  the  quality  of  life  to  which  every 
person  in  this  country  aspires. 

Nor  is  this  country  alone  in  the  world,  demograph- 
ically  or  in  any  other  way.  Many  other  nations  are 
beginning  to  recognize  the  importance  of  population 
questions.  We  need  to  act  prudently,  understanding  that 
today's  decisions  on  population  have  effects  for  genera- 
tions ahead.  Similarly,  we  need  to  act  responsibly 
toward  other  people  in  the  world:  This  country's  needs 
and  wants,  given  its  wealth,  may  impinge  upon  the 
patrimony  of  other,  less  fortunate  peoples  in  the 
decades  ahead.  The  "population  problem"  of  the 
developing  countries  may  be  more  pressing  at  this  time, 
but  in  the  longer  perspective,  it  is  both  proper  and  in 
our  best  interest  to  participate  fully  in  the  worldwide 
search  for  the  good  life,  which  must  include  the 
eventual  stabilization  of  our  numbers. 

A  Diversity  of  Views 

Ultimately,  then,  we  are  concerned  not  with 
demographic  trends  alone,  but  with  the  effect  of  these 
trends  on  the  realization  of  the  values  and  goals 
cherished  as  part  of  the  American  tradition  and  sought 
after  by  minorities  who  also  "want  in." 

One  of  the  basic  themes  underlying  our  analysis 
and  policy  recommendations  is  the  substitution  of 
quahty  for  quantity;  that  is,  we  should  concern  our- 
selves with  improving  the  quality  of  life  for  all  Ameri- 
cans rather  than  merely  adding  more  Americans.  And 
unfortunately,  for  many  of  our  citizens  that  quality  of 
life  is  still  defined  only  as  enough  food,  clothing,  and 
shelter.  All  human  beings  need  a  sense  of  their  own 
dignity  and  worth,  a  sense  of  belonging  and  sharing,  and 


the  opportunity  to  develop  their  individual  potentiali- 
ties. 

But  it  is  far  easier  to  achieve  agreement  on  abstract 
values  than  on  their  meaning  or  on  the  strategy  to 
achieve  them.  Like  the  American  people  generally,  this 
Commission  has  not  been  able  to  reach  full  agreement 
on  the  relative  importance  of  different  values  or  on  the 
analysis  of  how  the  "population  problem"  reflects  other 
conditions  and  directions  of  American  society. 

Three  distinct  though  overlapping  approaches  have 
been  distinguished.  These  views  differ  in  their  analysis 
of  the  nature  of  the  problem  and  the  general  priorities 
of  tasks  to  be  accomplished.  But,  despite  the  different 
perspectives  from  which  population  is  viewed,  all  of  the 
population  policies  we  shall  recommend  are  consistent 
with  all  three  positions. 

The  first  perspective  acknowledges  the  benefits  to 
be  gained  by  slowing  growth,  but  regards  our  population 
problem  today  primarily  as  a  result  of  large  numbers  of 
people  being  unable  to  control  an  important  part  of 
their  Uves— the  number  of  children  they  have.  The 
persistence  of  this  problem  reflects  an  effective  denial  of 
freedom  of  choice  and  equality  of  access  to  the  means 
of  fertility  control.  In  this  view,  the  population  problem 
is  regarded  more  as  the  sum  of  such  individual  problems 
than  as  a  societal  problem  transcending  the  interests  of 
individuals;  the  welfare  of  individuals  and  that  of  the 
general  society  are  seen  as  congruent,  at  least  at  this 
point  in  history.  The  potential  conflict  between  these 
two  levels  is  mitigated  by  the  knowledge  that  freedom 
from  unwanted  childbearing  would  contribute  signifi- 
cantly to  the  stabilization  of  population. 

Reproductive  decisions  should  be  freely  made  in  a 
social  context  without  pronatalist  pressures— the  heri- 
tage of  a  past  when  the  survival  of  societies  with  high 
mortality  required  high  fertility.  The  proper  mission  for 
government  in  this  matter  is  to  ensure  the  fuUest 
opportunity  for  people  to  decide  their  own  future  in 
this  regard,  based  on  the  best  available  knowledge;  then 
the  demographic  outcome  becomes  the  democratic 
solution. 

Beyond  these  goals,  this  approach  depends  on  the 
processes  of  education,  research,  and  national  debate  to 
illuminate  the  existence  of  any  serious  population 
"problem"  that  transcends  individual  welfare.  The  aim 
would  be  to  achieve  the  best  collective  decision  about 
population  issues  based  on  knowledge  of  the  tradeoffs 
between  demographic  choices  and  the  "quality  of  life," 
however  defined.  This  position  ultimately  seeks  to 
optimize  the  individual  and  the  collective  decisions  and 
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then  accepts  the  aggregate  outcome— with  the  under- 
standing that  the  situation  will  be  reconsidered  from 
time  to  time. 

The  second  view  does  not  deny  the  need  for 
education  and  knowledge,  but  stresses  the  crucial  gaps 
between  what  we  claim  as  national  values  and  the  reality 
experienced  by  certain  groups  in  our  society.  Many  of 
the  traditional  American  values,  such  as  freedom  and 
justice,  are  not  yet  experienced  by  some  minorities. 
Racial  discrimination  continues  to  mean  that  equal 
access  to  opportunities  afforded  those  in  the  main- 
stream of  American  society  is  denied  to  millions  of 
people.  Overt  and  subtle  discrimination  against  women 
has  meant  undue  pressure  toward  childbearing  and 
child-rearing.  Equality  is  denied  when  inadequate 
income,  education,  or  racial  and  sexual  stereotypes 
persist,  and  shape  avsulable  options.  Freedom  is  denied 
when  governmental  steps  are  not  taken  to  assure  the 
fullest  possible  access  to  methods  of  controlling  repro- 
duction or  to  educational,  job,  and  residential  oppor- 
tunities. In  addition,  the  freedom  of  future  generations 
may  be  compromised  by  a  denial  of  freedom  to  the 
present  generation.  Finally,  extending  freedom  and 
equahty— which  is  nothing  more  than  making  the 
American  system  live  up  to  its  stated  values— would  go 
far  beyond  eiffecting  the  growth  rate.  FuU  equality  both 
for  women  and  foi  racial  minorities  is  a  value  in  its  own 
right.  In  this  view,  the  "population  problem"  is  seen  as 
only  one  facet,  and  not  even  a  major  one,  of  the 
restriction  of  full  opportunity  in  American  life. 

The  third  position  deals  with  the  population 
problem  in  an  ecological  framework,  one  whose  primary 
axiom  asserts  the  functional  interdependence  of  man 
and  his  environment.  It  calls  for  a  far  more  fundamental 
shift  in  the  operative  values  of  modem  society.  The 
need  for  more  education  and  knowledge  and  the  need  to 
eUminate  poverty  and  racism  are  important,  but  not 
enough.  For  the  population  problem,  and  the  growth 
ethic  with  which  it  is  intimately  connected,  reflect 
deeper  external  conditions  and  more  fundamental  pohti- 
cal,  economic,  and  philosophical  values.  Consequently, 
to  improve  the  quaUty  of  our  existence  while  slowing 
growth,  will  require  nothing  less  than  a  basic  recasting 
of  American  values. 

The  numbers  of  people  and  the  material  conditions 
of  human  existence  are  limited  by  the  external  environ- 
ment. Human  life,  like  all  forms  of  life  on  earth,  is 
supported  by  intricate  ecological  systems  that  are 
limited  in  their  ability  to  adapt  to  and  tolerate  changing 
conditions.    Human    culture,    particularly   science   and 


technology,  has  given  man  an  extraordinary  power  to 
alter  and  manipulate  his  environment.  At  the  same  time, 
he  has  also  achieved  the  capacity  virtually  to  destroy  life 
on  earth.  Sadly,  in  the  rush  to  produce,  consume,  and 
discard,  he  has  too  often  chosen  to  plunder  and  destroy 
rather  than  to  conserve  and  create.  Not  only  have  the 
land,  air,  and  water,  the  flora  and  fauna  suffered,  but 
also  the  individual,  the  family,  and  the  human  com- 
munity. 

This  position  holds  that  the  present  pattern  of 
urban  industrial  organization,  far  from  promoting  the 
reahzation  of  the  individual  as  a  uniquely  valuable 
experience,  serves  primarily  to  perpetuate  its  own 
values.  Mass  urban  industrialism  is  based  on  science  and 
technology,  efficiency,  acquisition,  and  domination 
through  rationality.  The  exercise  of  these  same  values 
now  contains  the  potential  for  the  destruction  of  our 
humanity.  Man  is  losing  that  balance  with  nature  which 
is  an  essential  condition  of  human  existence.  With  that 
loss  has  come  a  loss  of  harmony  with  other  human 
beings.  The  population  problem  is  a  concrete  symptom 
of  this  change,  and  a  fundamental  cause  of  present 
human  conditions. 

It  is  comfortable  to  believe  that  changes  in  values 
or  in  the  political  system  are  unnecessary,  and  that 
measures  such  as  population  education  and  better 
fertility  control  information  and  services  will  solve  our 
population  problem.  They  will  not,  however,  for  such 
solutions  do  not  go  to  the  heart  of  man's  relationship 
with  nature,  himself,  and  society.  According  to  this 
view,  nothing  less  them  a  different  set  of  values  toward 
nature,  the  transcendence  of  a  laissez-faire  mjirket 
system,  a  redefinition  of  human  identity  in  terms  other 
than  consumerism,  and  a  radical  change  if  not  abandon- 
ment of  the  growth  ethic,  will  suffice.  A  new  vision  is 
needed— a  vision  that  recognizes  man's  unity  with 
nature,  that  transcends  a  simple  economic  definition  of 
man's  identity,  and  that  seeks  to  promote  the  realiza- 
tion of  the  highest  potential  of  our  individual  humanity. 

The  Immediate  Goal 

These  three  views  reflect  different  evaluations  of 
the  nature  of  the  population  problem,  different  assess- 
ments of  the  viability  of  the  American  pohtical  process, 
and  different  perceptions  of  the  critical  values  at  stake. 

Given  the  diversity  of  goals  to  be  addressed  and  the 
manifold  ramifications  of  population  change  throughout 
society,  how  are  specific  population  policies  to  be 
selected? 
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As  a  Commission  and  as  a  people,  we  need  not 
agree  on  all  the  priorities  if  we  can  identify  acceptable 
policies  that  speak  in  greater  or  lesser  degree  to  all  of 
them.  By  and  large,  in  our  judgment,  the  policy  findings 
and  recommendations  of  this  Report  meet  that  require- 
ment. Whatever  the  primary  needs  of  our  society,  the 
pohcies  recommended  here  all  lead  in  right  directions 
for  this  nation,  and  generally  at  low  costs.* 

Our  immediate  goal  is  to  modernize  demographic 
behavior  in  this  country:  to  encourage  the  American 
people  to  make  population  choices,  both  in  the  indivi- 
dual family  and  society  at  large,  on  the  basis  of  greater 
rationality  rather  than  tradition  or  custom,  ignorance  or 
chance.  This  country  has  already  moved  some  distance 
down  this  road;  it  should  now  complete  the  journey. 
The  time  has  come  to  challenge  the  tradition  that 
population  growth  is  desirable:  What  was  unintended 
may  turn  out  to  be  unwanted,  in  the  society  as  in  the 
family. 

In  any  case,  more  rational  attitudes  are  now  forced 
upon  us  by  the  revolutionary  increase  in  average  length 
of  life  within  the  past  century,  which  has  placed  modem 
man  in  a  completely  different,  historically  unique, 
demographic  situation.  The  social  institutions  and  cus- 
toms that  have  shaped  reproductive  behavior  in  the  past 
are  no  longer  appropriate  in  the  modem  world,  and 
need  reshaping  to  suit  the  new  situation.  Moreover,  the 
instruments  of  population  policy  are  now  more  readily 
available— fuller  knowledge  of  demographic  impacts, 
better  information  on  demographic  trends,  improved 
means  by  which  individuals  may  control  their  own 
fertility. 

As  a  Commission,  we  have  come  to  appreciate  the 
delicate  complexities  of  the  subject  and  the  difficulty, 
even  the  impossibility,  of  solving  the  problem,  however  • 
defined,  in  its  entirety  and  all  at  once.  But  this  is 
certainly  the  time  to  begin:  The  1970's  may  not  be 
simply  another  decade  in  the  demographic  transition 
but  a  critical  one,  involving  changes  in  family  life  and 
the  role  of  women,  dynamics  of  the  metro pohtan 
process,  the  depopulation  of  rural  areas,  the  movement 
and  the  needs  of  disadvantaged  minorities,  the  era  of  the 
young  adults  produced  by  the  baby  boom,  and  the 
attendant  question  of  what  their  own  fertility  will 
be— baby  boom  or  baby  bust. 

Finally,  we  agree  that  population  policy  goals  must 
be  sought  in  full  consonance  with  the  fundamental 
values  of  American  life:   respect  for  human  freedom, 

M   separate  statement   by   Commissioner  James  S.  Rummonds 
appears  on  page  1 64. 


human  dignity,  and  individual  fulfillment;  and  concern 
for  social  justice  and  social  welfare.  To  "solve"  popula- 
tion problems  at  the  cost  of  such  values  would  be  a 
Pyrrhic  victory  indeed.  The  issues  are  ethical  in  char- 
acter, and  their  proper  solution  requires  a  deep  sense  of 
moral  responsibility  on  the  part  of  both  the  individual 
family  and  the  national  community:  the  former  in 
considering  another  birth,  the  latter  in  considering 
appropriate  policies  to  guide  population  growth  into  the 
American  future. 

For  our  part,  it  is  enough  to  make  population,  and 
all  that  it  means,  explicit  on  the  national  agenda,  to 
signal  its  impact  on  our  national  life,  to  sort  out  the 
issues,  and  to  propose  how  to  start  toward  a  better  state 
of  affairs.  By  its  very  nature,  population  is  a  continuing 
concern  and  should  receive  continuing  attention.  Later 
generations,  and  later  commissions,  will  be  able  to  see 
the  right  path  further  into  the  future.  In  any  case,  no 
generation  needs  to  know  the  ultimate  goal  or  the  final 
means,  only  the  direction  in  which  they  will  be  found. 
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Chapter  4: 


The  Economy 


Does  a  healthy  economy  require  a  growing  popula- 
tion? Would  slower  population  growth  hurt  business  or 
threaten  workers'  jobs?  Would  it  help?  How  would  the 
average  person  fare  in  economic  terms  if  the  rate  of 
population  growth  approached  zero?* 

We  have  conducted  research  to  determine  what 
effects  different  rates  of  population  growth  are  likely  to 
have  on  the  economic  well-being  of  the  nation.  We 
compared  the  effects  of  the  2-child  population  projec- 
tion with  the  effects  of  the  3-child  projection.  Our 
overall  conclusions  from  this  research  are: 

1.  Major  economic  changes  are  on  the  horizon 
regardless  of  future  changes  in  population  growth  rates. 

2.  The  nation  has  nothing  to  fear  from  a  gradual 
approach  to  population  stabilization. 

3.  From  an  economic  point  of  view,  a  reduction  in 
the  rate  of  population  growth  would  bring  important 
benefits,  especially  if  the  United  States  develops  policies 
to  take  advantage  of  the  opportunities  for  social  and 
economic  improvement  that  slower  population  growth 
would  provide. 

Income 

Between  now  and  the  year  2000,  increases  in  the 
productivity  of  workers  are  hkely  to  result  in  such  a 
large  rise  in  average  income  that  styles  of  Ufe  in  the  year 
2000  will  be  qualitatively  different  from  what  they  are 
today.  It  is  expected  that  by  the  year  2000  average 
family  income,  now  about  $12,000,  will  exceed 
$21,000,  in  terms  of  today's  dollars.'  This  is  the 
projection,  even  if  the  work  week  were  reduced  to  30 
hours,  and  even  if  the  population  grew  at  the  3-chiId 
rate. 

The  average  individual's  consumption  is  expected 
to  be  more  than  twice  what  it  is  today,  whether  the 
population  grows  at  the  2-child  or  the  3-child  rate.  As 
income  increases,  people  show  an  increased  preference 
for  services,  such  as  education  and  health  services,  as 
compared  with  manufactured  goods.  So,  the  population 
of  the  year  2000  will  boost  its  consumption  of  services 
faster  than  its  consumption  of  manufactured  goods. 

The  rate  of  population  growth  will  have  a  signifi- 
cant effect  on  per  capita  income.  Our  research  indicates 
that  in  the  year  2000,  per  capita  income  may  be  as 
much  as  15  percent  higher  under  the  2-child  than  under 
the  3-child  population  growth  rate.  The  main  reason  for 
the   higher   per  capita  income  under  the  2-child  pro- 

'Separate  statements  by  Commissioners  Otis  Dudley  Duncan, 
with  Paul  B  Comely,  M.D.  concurring  (p.  153),  John  R.  Meyer 
(p.  159)  and  James  S.  Rummonds  (p.  167)  appear  on  the 
indicated  pages. 


jection  is  the  shift  in  the  age  composition  resulting  from 
slower  population  growth;  as  we  saw  earlier,  people  of 
working  age  will  csanstitute  a  larger  fraction  of  the  total 
population  under  conditions  of  slower  population 
growth.  A  secondary  reason  is  that  with  lower  birthrates 
the  percentage  of  women  in  the  labor  force  is  expected 
to  rise  somewhat  faster  than  it  would  otherwise.  Taken 
together,  these  trends  mean  relatively  more  workers  and 
earners,  and  relatively  fewer  mouths  to  feed. 

The  age  effect  arises  from  the  fact  that  population 
replaces  itself  from  the  bottom  up;  and,  if  it  is  growing, 
it  is  adding  more  and  more  at  the  base  of  the  age 
pyramid.  However,  growth  in  the  population  of  working 
age  is  drawn  from  the  smaller  numbers  of  births  that 
occurred  15  to  20  years  earlier.  When  growth  slows,  it 
slows  first  at  the  base,  and  before  long  we  see  a 
narrowing  of  the  difference  between  the  number  of 
births  and  the  numbers  annually  entering  the  working 
ages.  The  ratio  of  workers  to  youthful  dependents  rises, 
the  income  they  produce  is  spread  among  fewer  people, 
and  the  average  income  available  per  person  in  the 
population  consequently  increases. 

Of  course,  the  same  process  eventually  causes  a  rise 
in  the  percentage  of  old  people  in  the  population— those 
who  have  passed  working  age.  But  because  of  higher 
death  rates  at  these  ages,  the  increase  in  aged  depend- 
ency offsets  only  part  of  the  decline  in  youth  depend- 
ency, and  the  overall  result  is  still  a  major  drop  in  total 
dependency  and  an  increase  in  income  available  per 
person  in  the  population. 

Economic  Growth  and  the  Quality  of  Life 

The  use  of  income  or  output  per  capita  as  an 
indicator  of  the  quality  of  life  has  been  criticized  on  a 
number  of  grounds.  One  such  criticism  is  made  by 
people  who  su-e  concerned  about  environmental  deteri- 
oration. They  maintain  that  higher  output  levels  for  the 
economy  as  a  whole  will  cause  a  greater  drain  on  natural 
resources  and  more  pollution. 

Accordingly,  we  examined  the  effects  that  the  2- 
and  3-child  growth  rates  would  have  on  GNP— the  gross 
national  product— which  measures  the  total  volume  of 
goods  and  services  produced.  GNP  is  expected  to  more 
than  double  by  the  year  2000,  whether  the  population 
grows  rapidly  or  slowly.^  This  is  the  prospect  implied  by 
the  projected  increases  in  per  capita  income  and  the 
further  growth  of  population  resulting  from  the  baby 
boom. 

However,  if  families  average  three  children  in  the 
future,  GNP  will  grow  far  more  than  if  they  average  two 
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children.  In  the  year  2000,  the  difference  in  GNP 
resulting  from  different  population  assumptions 
amounts  to  as  much  as  one-fourth  of  the  total  GNP 
today.  Rapid  population  growth  will  cause  more  rapid 
growth  in  the  size  of  the  economy,  and  correspondingly 
greater  demands  on  resources  and  the  environment. 
People  will  not  be  better  off  economically  with  more 
rapid  population  growth— we  have  already  seen  that 
income  per  person  is  higher  under  the  slower  population 
growth  assumption.  Rather,  increases  in  the  number  of 
people  simply  multiply  the  volume  of  goods  and  services 
produced  and  consumed.  In  the  next  chapter,  we 
examine  the  meaning  of  these  trends  for  resource 
consumption  and  deterioration  of  the  environment. 

Poverty 

Income  or  output  per  capita  is  an  average,  and  it 
conceals  some  gross  disparities.  We  need  to  be  con- 
cerned with  these,  especially  at  the  lower  end  of  the 
income  scale — the  people  in  poverty. 

We  have  estimated  the  effects  that  slower  popula- 
tion growth  would  have  on  poverty  in  the  United  States 
in  the  year  2000.  We  have  found  that  the  general 
improvement  in  average  income  associated  with  slower 
population  growth  would  assist  in  reducing  poverty,  but 
would  not  eliminate  it.  This  is  not  good  enough. 

There  are  today,  by  official  estimate,  26  miUion 
Americans  living  in  poverty  conditions.^  This  is  13 
percent  of  our  population.  Improvements  in  the  average 
income  of  the  population  do  something  for  these 
groups,  but  not  enough.  Their  problem  is  that  too  many 
of  them  are  not  part  of  the  system  that  generates  and 
distributes  income. 

Over  six  million  poor  people  are  working  adults 
who  simply  do  not  make  enough  money  to  meet  even 
the  minimal  official  income  standard.  Over  three  million 
of  the  poor  are  persons  aged  14  to  64  who  are  sick  or 
disabled,  in  school,  or  unable  to  find  work.  Nearly  five 
million  are  over  age  65,  and  over  eight  million  are 
children.  Finally,  more  than  two  million  are  female 
heads  of  family  whose  responsibilities  at  home  keep 
them  from  taking  jobs. 

What  this  adds  up  to  is  that  more  than  n.ne  out  of 
10  poor  people  are  excluded— because  of  age,  incapac- 
ity, poor  training,  family  responsibilities,  fiscal  disincen- 
tives, or  discrimination  in  the  labor  market— from  the 
system  that  produces  and  distributes  income  and  the 
things  income  buys.  Real  improvements  in  their  lot  will 
be  reflected  in  a  changing  distribution  of  income.  But, 
while   average    income  has  risen  dramatically  and  the 


number  of  poor  has  declined  as  a  result,  the  relative 
distribution  of  income  has  changed  little  in  the  25  years 
the  Census  Bureau  has  been  measuring  it. 

In  a  country  as  wealthy  and  resourceful  as  ours, 
there  is  no  excuse  for  permitting  deprivation.  For  the 
working  poor  and  those  who  cannot  find  work,  the 
solution  is  to  eliminate  racial  and  sex  discrimination  in 
employment,  and  to  improve  education  and  training. 
Beyond  this,  we  need  a  serious  reexamination  of  the 
status  of  the  aged.  Old  people  are  healthier  and  better 
educated  than  ever  before.  They  are  often  forced  to 
stop  working  far  before  the  end  of  their  productive 
lives,  because  of  outright  discrimination  and  outdated 
restrictions  against  older  workers,  and  because  of  fiscal 
disincentives  against  work  buUt  into  our  social  security 
laws  and  other  pension  arrangements. 

Nevertheless,  the  country  still  has  a  number  of 
people  who  cannot  be  helped  by  better  access  to  the 
labor  market.  For  these,  the  answer  should  be  jm 
increased  public  responsibility  for  maintaining  a  decent 
standard  of  living. 

Measures  to  achieve  an  improved  distribution  of 
income  should  be  beneficial  demographically  as  well  as 
socially.  Evidence  indicates  that  levels  of  childbearing— 
both  wanted  and  unwanted— decline  as  income  rises. 

Labor  Force  Growth 

Thirty-five  million  new  workers  will  be  seeking 
their  first  job  in  the  decade  of  the  1970's.''  That  is  seven 
million  more  than  in  the  1960's.  This  is  one  of  the 
legacies  of  the  baby  boom.  As  that  generation  comes  of 
age,  swelling  numbers  of  job  applicants  put  an  extra 
burden  on  full  employment  policy. 

The  pressure  should  be  off  in  the  1980's.  The 
number  of  new  entrants  to  the  labor  force  will  probably 
be  close  to  the  figure  for  the  1970's,  due  to  declining 
birthrates  in  the  past  decade.  Once  all  the  new  entrants 
and  women  resuming  work  after  their  children  are 
grown  are  balanced  out  against  withdrawals  through 
retirement  and  death,  the  labor  force  in  1990  should 
number  some  114  million,  or  28  million  more  than  the 
1970  figure. 

What  happens  thereafter  depends  mainly  on  the 
number  of  births  in  the  1970's.  If  fertility  should  follow 
the  2-child  projection,  the  number  of  people  looking  for 
their  first  job  in  the  1990's  should  be  about  the  same  as 
in  the  1980's.  However,  if  fertility  follows  the  3-child 
projection,  the  number  of  job  seekers  in  the  1990's  will 
jump  10  million,  to  a  total  of  around  44  million;  and  by 
the  year  2000,  the  total  labor  force  will  number  some 
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136  million.  Beyond  2000,  the  difference  in  labor  force 
growth  between  the  two  projections  becomes  immense. 

It  seems  clear  that  labor-force  trends  under  the 
3-child  projection  can  be  expected  to  generate  greater 
pressure  for  increased  production,  employment,  and 
consumption,  and  correspondingly  greater  problems 
associated  with  the  social  and  environmental  con- 
sequences of  such  increases.  The  2-child  projection  does 
not  imply  that  these  problems  can  be  avoided,  only  that 
they  will  be  less  pressing.  It  imphes  not  only  smaller 
numbers  to  be  accommodated,  but  also  a  context  in 
which  the  urgency  of  competing  priorities  will  be 
muted. 

We  have  seen  that  slower  population  growth  causes 
a  gradual  increase  in  the  percentage  of  old  people  and  a 
decline  in  the  percentage  of  youth— hence,  a  rising 
average  age  of  the  population.  The  same  process  also 
causes  the  labor  force  to  age. 

Concerns  have  been  expressed  that  an  older  labor 
force  will  lack  the  energy,  flexibility,  and  imagination  of 
a  younger  one.  Despite  the  absence  of  evidence  for  these 
concerns,  their  existence  is  further  reason  to  support 
programs  desirable  on  other  grounds,  such  as  the 
provision  of  continuing  education  to  our  labor  force. 
Indeed,  in  light  of  the  rapid  changes  occurring  in  all 
aspects  of  life,  th'?  idea  that  education  should  be 
completed  by  the  age  of  18,  22,  or  even  30,  is  clearly 
out  of  date. 

Business 

Will  a  slower  rate  of  population  growth  hurt 
specific  industries,  particularly  those  which  cater  to 
young  people?  Does  it  threaten  jobs? 

While  it  is  -certainly  true  that  there  would  be  a 
faster  increase  in  the  sales  of  certain  products,  for 
example  baby  foods  and  milk,  under  conditions  of 
higher  population  growth,  it  is  also  true  that  other 
products  and  services,  for  example  convenience  foods 
and  airline  travel,  would  be  relatively  favored  by  the 
faster  rise  in  per  capita  income  associated  with  slower 
population  growth  rates.  More  important,  it  does  not 
appear,  for  several  reasons,  that  a  lower  population 
growth  rate  will  cause  serious  problems  for  any  industry 
or  its  employees.^ 

First,  regardless  of  the  rate  of  population  growth, 
total  income,  and  hence  demand,  will  rise. 

Second,  slower  population  growth  will  actually 
cause  total  as  well  as  per  capita  income  to  be  higher  over 
the  next  10  to  15  years  than  would  a  more  rapid 
population  growth  rate.  In  other  words,  during  the  next 


10  to  15  years  total  GNP  in  the  2-child  projection 
would  probably  be  slightly  larger  than  in  the  3-chiId 
case. 

Third,  it  is  importsmt  to  note  that  under  the 
2-child  family  projection,  there  is  no  year  in  which  there 
would  be  fewer  births  than  there  were  in  1971.  In  other 
words,  a  gradual  approach  to  population  stabilization 
would  not  reduce  demand  from  current  levels  for  any 
industry  we  studied.  (We  studied  the  effect  of  the 
2-child  and  3-chiId  population  projections  on  demand 
for  housing  starts,  mobile  homes,  domestic  cars,  im- 
ported cars,  men's  suits,  frozen  foods,  power  boats, 
credit,  furniture  and  household  equipment,  food  and 
beverages,  beer,  clothing  and  shoes,  steel,  dishwashers, 
railroad  travel,  and  airline  travel.) 

Beyond  the  next  10  to  15  years,  the  adjustments 
businesses  must  make  to  changes  in  consumer  tastes  and 
technological  developments  should  far  exceed  the  prob- 
lems of  adjusting  to  a  lower  population  growth  rate.  The 
loom  tender  in  the  diaper  factory  is  hurt  more  by  the 
competition  from  synthetic  disposables  than  by  the 
recent  decline  in  births.  Large  fluctuations  in  birthrates 
will  require  Isirger  adjustments  by  business  than  will 
small  ones;  still,  we  can  have  fluctuations  around  a 
3-child  as  well  as  a  2-child  growth  rate.  In  declining 
communities,  small  businesses  will  not  do  as  well 
economically  as  they  would  if  there  were  more  people 
around— some  adjustments  will  be  required.  But  other 
changes  that  are  unpredictable  today  will  require  fair 
more  important  adjustments  by  individuals,  as  well  as 
by  entire  industries. 

Past  experience  should  lead  to  confidence  that 
such  adjustments  can  be  made.  Here  is  the  Board 
Chairman  of  Atlcintic-Richfield,  testifying  at  our  public 
hearing  in  New  York: 

There  is  a  habit  of  thinking  in  some  segments 
of  the  business  community,  of  course,  that 
population  increase  is  somehow  essential  to 
the  maintenance  of  vigorous  demand  and 
economic  growth,  just  as  there  is  an  instinc- 
tive reaction  against  any  important  new  cost 
factors  being  added  to  the  processes  of 
production  and  distribution.  But  our  econ- 
omy has  already,  and  in  many  ways,  shown  its 
tremendous  adaptability  to  new  social 
demands  and  necessities.  I  have  not  the 
slightest  doubt  that  it  can  meet  this  new 
challenge.* 

The  Growth  Mystique 

In  short,  we  find  no  convincing  economic  argu- 
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merit  for  continued  national  population  growth.  On  the 
>  contrary,  most  of  the  plusses  are  on  the  side  of  slower 
growth.  This  firtding  is  at  variance  with  much  opinion, 
especially  in  the  business  community  and  among  many 
civic  leaders.  We  have  sought  to  find  the  reason  for  this 
seeming  coptradiction. 

Periods  of  rapid  population  growth  in  this  country 
have  generally  been  periods  of  rapid  economic  expan- 
sion as  well.  It  is  not  surprising,  therefore,  that  we 
associate  population  growth  with  economic  progress. 
However,  the  historical  association  of  population 
growth  with  economic  expeinsion  would  be  an  erroneous 
.guide  to  the  formulation  of  population  policy  for  the 
future. 

This  connection  reflects  in  large  part  the  fact  that 
periods  of  rapid  economic  expansion  attracted  immi- 
grants to  our  shores  and  thus  quickened  population 
growth  as  a  result.  Additions  to  population  through 
immigration  are  far  more  stimulating  to  economic 
growth  than  are  additions  by  natural  increase.  This  is 
because,  while  babies  remain  dependent  for  many  years 
before  beginning  to  contribute  to  output,  many  immi- 
grants are  of  working  age  and  thus  become  immediately 
productive.  Immigration  made  a  major  contribution  to 
rapid  populatjon  growth  up  to  World  War  I,  but  its 
effect  since  then  has  been  much  diminished.  In  the  years 
1861  to  1910,  the  average  annual  immigration  rate  per 
1,000  Americans  was  7.5;  the  rate  for  the  period  1911 
to  1970  dropped  to  1.8.  The  rate  for  the  recent  period 
reflects  a  rise  from  the  1930's,  when  there  was  a  net 
outflow  of  migrants,  to  the  1960's  when  the  rate  was 
2.2.' 

This  answer  may  not  satisfy  the  gas  station  owner, 
local  food  retailer,  or  banker,  to  whom  it  seems  obvious 
that  "more  people"  means  more  customers  or  more 
savings  accounts.  Once  again,  however,  we  need  to 
examine  the  kind  of  growth  that  means  more  business, 
and  its  relationship  to  local  economic  expansion.  The 
rapid  local  population  growth  that  means  more  business 
results  chiefly  from  more  people  moving  in,  not  more 
people  being  born  and  raised.  Adults  moving  in  make 
ready  customers  and  ready  employees.  They  have  grown 
up  elsewhere,  their  education  has  been  paid  for  else- 
where, and  being  young,  they  impose  few  of  the 
demands  of  the  dependent  aged.  Since  mobile  people 
are,  on  the  average,  better  qualified  than  those  who  do 
not  move,  it  is  no  surprise  that  they  provide  an  extra 
boost  to  local  establishments. 

We  have  studied  the  effects  of  lower  national 
population  growth  rates  on  the  economic  well-being  of 
urban  and  rural  areas  within  the  nation.  Is  there  reason 


to  fear  thai  the  ills  typical  of  areas  of  population  decline 
today  would  become  more  serious  or  widespread  if 
.  national  population  growth  rates  declined?  We  conclude 
that  there  is  not;  such  fears  are  based  on  a  mistaken 
belief  that  population  decline  causes  economic  decline. 
Iq  reality,  the  chain  of  causation  in  distressed  areas  runs 
frtim  (l)the  decline  of  regional  competitive  capability 
to  <2)  unemployment  to  (3)  net  outmigration  to 
(4)  population  loss."  Accordingly,  there  is  little  reason  to 
suppose  that  local  problems  of  unemployment  or 
obsolescence  of  physical  facilities  would  be  more  serious 
irf  a  situation  of  zero  or  negative  national  population 
growth  than  they  would  be  at  any  positive  level  of 
national  population  growth.  In  the  future,  as  in  the  past, 
areas  of  relatively  high  unemployment  will  tend  to  be 
areas  of  relative  population  loss;  but  the  relative 
population  loss  will  be  the  consequence  and  not  the 
cause  of  local  unemployment. 

The  diminished  burden  of  providing  for  depend- 
ents, and  for  the  multiplication  of  facilities  to  keep  up 
with  expanding  population,  should  make  more  of  our 
national  output  available  for  many  desirable  purposes, 
new  kinds  of  capital  formation,  including  human 
resources  investment;  public  expenditure  involving  qual- 
itative improvement  and  modernization;  and  greater 
attention  to  environmental  and  amenity  objectives. 
Thus,  whatever  the  future  problems  of  urban  areas  and 
regions  may  be,  we  should  have  more  ample  per  capita 
resources  to  attack  them  in  a  situation  with  a  lower  rate 
of  population  growth  than  we  would  have  with  a  higher 
rate. 

Summary 

We  have  looked  for,  and  have  not  found,  any 
convincing  economic  argument  for  continued  national 
population  growth.  The  health  of  our  economy  does  not 
depend  on  it.  The  vitality  of  business  does  not  depend 
on  it.  The  welfare  of  the  average  person  certainly  does 
not  depend  on  it. 

In  fact,  the  average  person  will  be  markedly  better 
off  in  terms  of  traditional  economic  values  if  population 
growth  follows  the  2-child  projection  rather  than  the 
3-child  one.  Slower  growth  will  give  us  an  older 
population,  and  this  trend  will  require  adjustments  well 
within  the  ability  of  the  nation  to  provide.  Beyond  this, 
however,  we  point  out  that  the  fruits  of  slower  popula- 
tion growth  will  be  denied  to  those  most  in  need  of 
them  unless  deliberate  changes  are  made  in  distribution 
of  income  to  those  who  lack  it  by  reason  of  discrimina- 
tion, incapacity,  or  age. 
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Chapter  5: 


Resources  and  the  Environment 


What  are  the  likely  future  impacts  of  population 
growth  on  the  demand  for  resources  and  on  the 
environment  in  the  United  States?  Here  again,  we  have 
examined  the  consequences  of  the  population  growing 
according  to  the  2-child  projection  and  the  3-child 
projection,  and  compared  the  results.  For  problems  such 
as  air  pollution,  where  local  concentrations  are  im- 
portant, we  have  examined  the  implications  of  popula- 
tion growth  in  local  areas  as  well  as  in  the  nation  as  a 
whole.' 

For  several  resource  and  environmental  topics,  we 
have  extended  the  analysis  beyond  the  year  2000  to  the 
yesir  202ff!  in  so  doing,  we  have  identified  some 
important  effects  that  do  not  become  particularly 
noticeable  in  the  shorter  period.  Beyond  the  next  50 
years,  we  do  not  know  enough  to  make  quantitative 
projections.  Nonetheless,  it  is  obvious  that  there  are 
ultimate  limits  to  growth.  We  live  in  a  finite  world. 
While  its  limits  are  unknown  because  technology  keeps 
changing  them,  it  is  clccir  that  the  growth  of  population 
and  the  escalation  of  consumption  must  ultimately  stop. 
The  only  questions  Eire  when,  how,  and  at  what  level. 
The  answers  to  these  questions  will  largely  be  deter- 
mined by  the  course  of  world  population  growth, 
including  that  of  the  United  States. 

Several  general  conclusions*  emerge  from  our 
research : 

1.  Population  growth  is  one  of  the  major  factors 
affecting  the  demand  for  resources  and  the  deterioration 
of  the  environment  in  the  United  States.  The  further  we 
look  into  the  future,  the  more  important  population 
becomes. 

2.  From  an  environmental  and  resource  point  of 
view,  there  are  no  advantages  from  further  growth  of 
population  beyond  the  level  to  which  our  past  rapid 
growth  has  already  committed  us.  Indeed,  we  would  be 
considerably  better  off  over  the  next  30  to  50  years  if 
there  were  a  prompt  reduction  in  our  population  growth 
rate.  This  is  especially  true  with  regard  to  problems  of 
water,  agricultural  land,  and  outdoor  recreation. 

3.  While  the  nation  can,  if  it  has  to,  find  ways  to 
solve  the  problems  growth  creates,  we  will  not  hke  some 
of  the  solutions  we  will  have  to  adopt.  With  continued 
growth,  we  commit  ourselves  to  a  particular  set  of 
problems:  more  rapid  depletion  of  domestic  and  inter- 
national resources,  greater  pressures  on  the  environ- 
ment, greater  dependence  on  continued  rapid  technolog- 
ical development  to  solve  these  problems,  and  a  more 
contrived  and  regulated  society.  So  long  as  population 

*A  separate  statement  by  Commissioner  Alan  Cranston  appears 
on  page  150. 


growth  continues,  these  problems  will  grow  and  will 
slowly,  but  irreversibly,  force  changes  in  our  way  of  life. 
And  there  are  further  risks:  Increasing  numbers  press  us 
to  adopt  new  technologies  before  we  know  what  we  are 
doing.  The  more  of  us  there  are,  the  greater  is  the 
temptation  to  introduce  solutions  before  their  side 
effects  are  known.  With  slower  population  growth 
leading  to  a  stabilized  population,  we  gain  time  to  devise 
solutions,  resources  to  implement  them,  and  greater 
freedom  of  choice  in  deciding  how  we  want  to  live  in 
the  future. 

4.  The  American  future  cannot  be  isolated  from 
what  is  happening  in  the  rest  of  the  world.  There  are 
serious  problems  right  now  in  the  distribution  of 
resources,  income,  and  wealth,  among  countries.  World 
population  growth  is  going  to  make  these  problems 
worse  before  they  get  better.  The  United  States  needs  to 
undertake  much  greater  efforts  to  understand  these 
problems  and  develop  international  policies  to  deal  with 
them. 

How  Population  Affects  Resources  and 
the  Environment 

The  pressure  that  this  nation  puts  on  resources  and 
the  environment  during  the  next  30  to  50  years  will 
depend  on  the  size  of  the  national  population,  the  size 
of  population  in  local  areas,  the  amounts  and  types  of 
goods  and  services  the  population  consumes,  and  the 
ways  in  which  these  goods  and  services  are  produced, 
used,  and  disposed  of.  All  these  factors  are  important. 
Right  now,  because  of  our  large  population  size  and 
high  economic  productivity,  the  United  States  puts 
more  pressure  on  resources  and  the  environment  than 
any  other  nation  in  the  world. 

We  have  attempted  to  separate  these  factors  and 
estimate  the  impact  of  population  on  resources  cind  the 
environment  using  a  quantitative  model  which  shows 
the  demand  for  resources  and  the  pollution  levels 
associated  with  different  rates  of  economic  and  popula- 
tion growth.  The  seriousness  of  the  population-induced 
effects  has  then  been  assessed  by  evaluating  the 
adequacy  of  resources  to  meet  these  requirements  and 
the  environmental  impacts  of  pollution. 

In  discussing  the  economy,  we  indicated  that  under 
any  set  of  economic  projections,  the  total  volume  of 
goods  and  services  produced  in  the  United  States 
—the  gross  national  product— will  be  far  larger  than 
it  is  today.  It  is  expected  to  be  at  least  twice  its  present 
size  by  the  year  2000,  and  in  50  years,  with  rapid 
population  and  economic  growth,  it  could  be  seven 
times  as  large  as  it  is  now.  Regardless  of  future 
population   growth,   the   prospect   is  that  increases  in 
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output  will  cause  tremendous  increases  in  demand  for 
resources  and  impact  on  the  environment. 

What  happens  to  population  growth  will  neverthe- 
less make  a  big  difference  in  the  future  size  of  the 
economy.  In  the  year  2000,  the  differenc-e  in  GNP 
resulting  from  the  different  population  assumptions 
could  amount  to  one-fourth  of  today's  GNP.  By  the 
year  2020,  this  difference  amounts  to  more  than  th'e 
total  size  of  today's  GNP. 

In  short,  total  GNP,  which  is  the  principal  source 
of  the  demand  for  resources  and  the  production  of 
pollutants,  will  become  much  larger  than  it  is  now.  But 
if  population  should  grow  at  the  3-child  rate,  GNP  will 
grow  far  more  than  it  will  at  the  2-child  rate. 

Minerals 

In  our  research,  we  examined  the  demand  for  19 
major  nonfuel  minerals;  chromium,  iron,  nickel,  potas- 
sium, cobalt,  vanadium,  magnesium,  phosphorous,  nitro- 
gen, manganese,  molybdenum,  tungsten,  aluminum, 
copper,  lead,  zinc,  tin,  titanium,  and  sulfur. 

Resource  consumption  will  rise  more  slowly  if 
population  grows  more  slowly.  Our  estimates  indicate 
that  the  amount  of  minerals  consumed  in  the  year  2000 
would  average  nine  percent  lower  under  the  2-child  than 
under  the  3-child  population  projection.  The  difference 
in  annual  consumption  would  be  17  percent  in  the  year 
2020,  and  would  grow  rapidly  thereafter. 

Population  growth  exerts  an  important  effect  on 
resource  consumption  compared  with  the  effect  of 
economic  growth.  Our  research  shows  that  in  the  year 
2000,  if  GNP  per  capita  were  one  percent  less  than 
projected,  the  consumption  of  most  minerals  would  be 
0.7  to  1.0  percent  less;  the  consumption  of  four 
minerals— cobalt,  magnesium,  titanium,  and  sulfur— 
would  be  reduced  relatively  more.  In  the  year  2000,  if 
population  were  one  percent  less  than  projected,  miner- 
als consumption  would  be  0.5  to  0.7  percent  less.  The 
population  effect,  while  substantial,  is  smaller  because 
of  an  important  offsetting  effect.  As  we  saw  earlier, 
slower  population  growth  induces  higher  output  per 
person  because  of  the  favorable  ratio  of  labor  force  to 
total  population.  This  offsets  somewhat  the  effect  that 
smaller  numbers  have  on  the  conservation  of  resources. 

While  there  are  clear  resource  savings  from  slower 
population  growth,  our  research  supports,  with  certain 
qualifications,  the  view  that  the  United  States  would 
have  no  serious  difficulty  acquiring  the  supplies  it  needs 
for  the  next  50  years,  even  if  the  population  were  to 
grow   at   the    3-child   rate.  This  is  the  prospect,  even 


Eissuming,  as  we  have  done,  that  the  resource  demands 
of  the  rest  of  the  world  grow  more  rapidly  than  those  of 
the  United  States,  as  has  been  the  case  in  recent  years. 
Although  growing  demand  may  pose  some  problems  of 
adjustment,  adequate  supplies  of  all  the  minerals  we 
studied  can  be  achieved  through  tolerable  price  in- 
creases. Price  increases  will  equalize  supply  and  demand 
by  stimulating  exploration  or  imports  (increased  supply) 
and  by  stimulating  recycling  and  the  use  of  more 
plentiful  substitutes  (reduced  demand).  The  earth's 
crust  still  contains  immense  quantities  of  lower  grade 
minerals  which  can  be  called  into  production  at  levels  of 
costs  which  we  could  afford  to  pay,  even  if  the  demands 
of  the  rest  of  the  world  should  rise  as  projected  and  our 
population  were  to  grow  at  the  3-child  rate. 

This  expectation  could  be  altered  by  several 
developments.  First,  prices  could  fail  to  anticipate 
impending  shortages;  that  is,  they  might  not  rise  long 
enough  in  advance  to  stimulate  the  changes  necessary  to 
avert  shortages.  Second,  mining  operations  are  heavy 
polluters,  and  mineral  needs  could  conflict  with  environ- 
mental policy.  Finally,  and  most  serious,  there  are 
worldwide  imbalances  in  access  to  resources.  While  the 
United  States  will  remain  among  the  "haves,"  relatively 
speaking,  disparities  between  world  regions  may  affect 
international  power  balances  in  ways  that  would  involve 
us. 

Energy 

Energy  makes  the  difference  between  poverty  and 
affluence.  The  reason  per  capita  income  in  the  United 
States  is  so  high  is  that  the  average  American  worker  has 
at  his  command  more  energy,  chiefly  in  the  form  of 
electricity,  than  any  other  worker  in  the  world.  With 
energy  we  refine  aluminum,  make  rubber,  shape  steel, 
form  new  synthetic  chemical  compounds,  propel 
automobiles,  and  heat  our  homes. 

How  much  energy  we  have  available  depends  on 
the  availability  of  the  necessary  fuels  and  on  our  ability 
to  convert  the  fuels  to  energy— the  greatest  advance  in 
this  regard  was  the  development  of  inexpensive  methods 
of  electricity  production.  The  technology  of  fuels 
acquisition  Eind  the  technology  of  energy  conversion  are 
both  critical.  So  is  purchasing  power— the  ability  to  pay 
for  domestic  development  of  fuels  or  to  import  them. 
The  original  inhabitants  of  North  America  occupied  a 
continent  rich  in  energy  fuels.  But  they  neither  knew 
how  to  get  the  fuels  out  of  the  ground  nor  how  to 
convert  them  to  energy.  Some  modern  countries  with 
advanced   means  of  energy   conversion   lack  their  own 
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fuel  supplies;  they  buy  them  from  other  countries. 

The  ability  of  the  United  States  to  meet  its  future 
energy  needs  will  be  determined  chiefly  by  develop- 
ments in  technology— the  technology  of  conversion  and 
the  technology  of  fuels  acquisition.  A  major  question 
will  be  whether  we  can  find  methods  that  are  environ- 
mentally safe.  Virtually  every  stage  of  energy  use— fuel 
production,  delivery,  conversion,  and  consumption— has 
a  significant  environmental  impact.  For  example,  one- 
third  of  all  coal  is  produced  by  strip  mining,  and  the 
consequence  is  a  scarred  landscape  and  severe  runoff 
into  streams  and  rivers.  Oil  spills  which  contaminate  the 
oceans  and  beaches  may  result  from  offshore  drilling. 
Much  airborne  pollution  comes  from  the  use  of  such 
relatively  dirty  fuels  as  coal  Eind  oil.  Some  scientists  are 
beginning  to  raise  the  possibility  of  thermal  pollution 
resulting  from  concentrated  use  of  energy  in  local  areas. 
Nuclear  power  generation  requires  the  disposal  of 
radioactive  atomic  wastes.  Because  of  these  problems, 
the  development  of  energy -production  capacity  could 
be  impaired. 

The  increase  in  our  energy  needs  will  be  immense 
under  any  projection,  although  not  as  large  under  the 
2-child  population  projection  as  under  the  3-child 
projection.  The  relative  difference  in  energy  demands 
under  the  different  population  projections  is  about  the 
same  as  for  minerals,  and  it  becomes  very  large  after  the 
population  with  the  lower  rate  of  growth  stabilizes. 
Whether  population  growth  will  strain  fuel  supplies,  or 
cause  serious  environmental  damage  in  the  process  of 
acquiring  and  using  the  necessary  fuels,  depends  on 
future  developments  in  technology. 

With  no  major  changes  in  technology,  oil  and  gas 
supplies  could  become  a  problem  for  the  United  States 
by  the  year  2000— we  would  be  importing  more  and 
paying  higher  prices;  and  supplies  would  certainly  be  a 
problem  for  some  world  regions.  These  problems  could 
be  averted  if  we  found  inexpensive  means  of  using  such 
potential  sources  as  oil  shale  and  tar  sands,  but  using 
these  sources  is  likely  to  have  environmental  conse- 
quences as  serious  as  those  from  the  strip-mining  of 
coal.  If  we  unlock  the  secrets  of  atomic  fusion,  we  could 
have  an  environmentally  clean  way  of  generating  electri- 
city, with  no  fuel  supply  problem.  The  energy  from 
converting  the  deuterium  contained  in  30  cubic  kilom- 
eters of  seawater  would  equal  that  of  the  earth's  original 
supply  of  coal  and  petroleum. 

Our  review  of  the  energy  situation  indicates  that 
high  priority  ought  to  be  given  to  research  and 
development  in  clean  sources  of  energy  production.  The 
faster  population   grows,  the  more  urgent  such  break- 


throughs become.  We  turn  now  to  several  areas  where 
population  growth  dominates  other  considerations— 
where  we  cannot  be  hopeful  about  the  ability  of 
purchasing  power  and  technical  development  to  avert 
population  problems. 

Water 

Water  requirements  already  exceed  available  flow 
in  the  southwestern  United  States.  Our  research  shows 
that  growing  population  and  economic  activity  will 
cause  the  area  of  water  shortage  to  spread  eastward  and 
northward  across  the  country  in  the  decades  ahead. 
Such  deficits  will  spread  faster  if  population  growth 
follows  the  3-child  projection  than  if  it  follows  the 
2-child  projection.  This  will  occur  despite  large  expendi- 
tures on  water  treatment,  dams,  and  reservoirs  during 
the  next  50  years.  Population  growth  will  be  more 
important  than  economic  growth  in  causing  these 
growing  problems. 

Our  national  abundance  of  water  does  not  change 
this  picture  significantly.  If  water  could  be  shipped 
across  the  country  like  oil,  coal,  or  manufactured  goods, 
there  would  be  no  problems  of  water  shortage.  But 
distances  are  so  long  and  the  amounts  of  water  used  so 
huge,  that  it  would  be  prohibitively  expensive  to  solve 
these  regional  problems  by  transfers  of  water  from 
surplus  to  deficit  areas.  Nor  is  there  scope  for  suffi- 
ciently large  relocation  of  water  users— people  and 
industries— to  regions  where  water  is  plentiful.  An 
inexpensive  method  of  taking  the  salt  out  of  seawater 
could  solve  the  problem,  but  such  technology  is  not 
now  available.  Similarly,  artificial  control  of  rain  is  not 
advanced  enough  to  be  used  to  any  significant  extent. 
While  little  is  known  about  the  extent  of  groundwater 
reserves,  most  experts  do  not  consider  the  mining  of 
such  reserves  an  adequate  alternative. 

On  the  other  hand,  there  is  wide  scope  for  reducing 
use  through  rationing  and  the  adoption  of  water- 
conserving  technology.  Even  today,  most  water  is  used 
virtually  free  of  cost  or  is  distributed  on  a  fee  basis  that 
provides  no  incentives  for  conservation;  and  free  use  of 
water  bodies  as  waste  dumping  grounds  is  more  the  rule 
than  the  exception.  If  the  cost  of  utilizing  water  for 
these  purposes  were  raised  to  more  appropriate  levels, 
factories  and  power  plants  would  install  techniques  of 
production  that  save  water  instead  of  wasting  it;  farmers 
would  modify  their  irrigation  practices  or  otherwise 
adjust  by  changing  location  or  shifting  to  crops  using 
less  water;  and  households  would  eventually  adjust  by 
reducing  lawns  and  shrubbery. 
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Figure  5.1     Regional  Water  Deficits:   Billions  of  Gallons  Per  Day 
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Despite  an  abundance  of  water  nationally,  rapid  population  growth 
will  cause  the  extent  and  seventy  of  regional  water  deficits  to  spread 
more  rapidly  than  they  would  with  slower  population  growth  This  is 
the  case  t-ven  as-ummg  maximum  development  of  water  storage 
facilities  and  tertiarv  treatment  of  wastewater 
Chan  shotfvs  p'ojecied  effects  of  giovwih  ax  2-criiid  and  3-child  rates. 


Estimates  assume  rapid  economic  growth. 

Source  Derived  from  Ronald  G-  Ridker.  "Future  Water  .\eeds 
and  Supplies,  with  a  Note  on  Land  Use"  (prepared  for  the 
Commission.  1972). 
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Figure  5.2    Water  Deficit  Regions:  3-Child  Family 


I960        1980         2000        2020 


Estimates  assume  rapid  economic  growth,  maximum  development  of 
water  storage  facilities,  and  tertiary  treatment 

Alaska  and  Hawaii  not  shown  Commission's  data  did  not  include 
these  states- 


Source.    Ronald  G.   Ridker,   "Future   Water  Needs  and  Supplies, 
with  a  Note  on  Land  Use"  (prepared  for  the  Commission,  1972). 
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Sooner  or  later  we  will  have  to  deal  with  water  as  a 
scarce  resource.  The  sooner  this  is  done,  the  fewer  water 
crises  will  emerge  in  the  years  ahead.  However,  doing 
this  will  not  be  easy  technically  or  politically— most 
water  supplies  are  run  by  local  governments.  And  few 
will  like  the  austerity  created  by  the  need  to  conserve 
on  something  as  fundamental  as  water.  The  rate  of 
national  population  growth  will  largely  determine  how 
rapidly  we  must  accomplish  these  changes. 

Outdoor  Recreation 

On  a  recent  holiday  weekend,  Yosemite  National 
Park  had  a  population  of  50,000  people,  according  to  a 
Park  source.  Since  then,  the  number  of  campsites  has 
been  reduced  and  traffic  has  been  restricted  in  order  to 
reduce  noise  and  pollution.  Still,  visitors  are  put  on 
notice  that  the  water  in  the  river  is  undrinkable. 
Yellowstone,  too,  has  far  more  applications  than  can  be 
accommodated  in  the  available  campsites.  Even  so, 
population  densities  in  the  non-wilderness  areas  of  the 
Park  sometimes  exceed  densities  in  the  suburbs  of 
Dallas. 

More  and  more  Americans  have  the  time,  the 
money,  and  the  inchnation  to  enjoy  the  outdoors. 
Production  of  truck  campers  and  camping  trailers  shot 
up  from  62  thousand  in  1961  to  over  one-half  million  in 
1971.  With  better  roads  and  easier  travel,  national  parks 
have  in  effect  become  city  parks  for  the  residents  of 
nearby  metropolitan  areas.  In  the  past  10  yezirs,  visitors 
to  all  national  park  facilities  more  than  doubled,  while 
the  area  of  the  parks  increased  by  only  one-fifth.  There 
are  many  areas  to  enjoy  and  more  to  be  developed,  but 
the  enjoyment  will  depend  largely  on  how  fast  the 
population  grows. 

By  the  year  2000,  incomes  will  nearly  double  and 
hours  of  leisure  will  rise.  More  and  more  people  will  be 
inclined  to  get  away  and  wiU  be  able  to  do  so.  However, 
our  research  on  some  24  outdoor  recreation  activities 
and  the  facilities  for  these  activities  indicates  that 
population  growing  at  the  3-child  rate  will  exert  great 
pressure  on  outdoor  recreation  resources — so  great  that, 
rather  than  "getting  away"  to  the  outdoors,  people  will 
be  applying  for  admission  to  it. 

In  the  face  of  rising  congestion,  many  people  will 
substitute  organized  sports,  sightseeing,  foreign  travel, 
and  artistic  and  cultural  activities,  if  they  so  desire. 
Rising  incomes  and  the  increase  in  mam-made  facilities 
will  make  these  alternatives  possible.  For  many,  these 
will  be  adequate  alternatives,  but  for  others  they  will 
not. 


The  prospects  for  recreation  with  the  2-child 
projection  are  much  different  for  two  reasons.  First,  the 
population  will  not  be  as  large  as  that  resulting  from  the 
3-child  rate.  More  important,  the  percentage  of  people 
in  the  young  ages  that  make  especially  heavy  use  of 
outdoor  recreation  facilities  will  be  smaller.  As  a 
consequence,  we  estimate  that,  in  the  year  2000,  the 
demand  for  recreational  facilities  could  be  as  much  as 
30  percent  less  under  the  2-chiId  than  under  the  3-child 
rate  of  growth. 

Either  way,  recreation  will  differ  from  what  it  is 
now.  The  style  of  life  may  change  with  the  lower  rate  of 
growth  as  well,  shifting  from  more  active  to  more 
sedentary  pursuits.  But  in  this  case  it  would  be 
voluntary,  determined  by  the  individual  needs  and 
preferences  of  an  older  population,  not  imposed  by  the 
desire  to  avoid  overcrowding. 

Agricultural  Land  and  Food  Prices 

At  a  time  when  the  federal  government  pays 
farmers  to  hold  land  out  of  production,  it  seems  absurd 
to  be  looking  forward  to  a  scarcity  of  good  agricultural 
land  and  rising  food  prices.  Yet  these  are  the  prospects 
indicated  by  our  analysis  of  what  rapid  United  States 
population  growth  implies. 

This  picture  emerges  when  we  combine  the  require- 
ments for  feeding  a  rapidly  growing  population  with  a 
sound  environmental  policy  which  restricts  the  use  of 
pesticides  and  chemical  fertilizers.  There  are  a  number 
of  reasons  for  believing  that  the  nation  will  wish  to  limit 
apphcation  of  these  chemicals.  But  to  do  so  will  retard 
improvements  in  per  acre  productivity.  This  means  that, 
to  produce  a  given  quantity  of  food,  more  acres  must  be 
brought  into  production.  It  is  likely  that,  with  such 
restrictions,  all  the  high  quality  land  will  have  been 
returned  to  production  by  the  year  2000.  Consequently, 
the  task  of  feeding  the  more  rapidly  growing  population 
would  force  us  to  bring  an  additional  50  million  acres  of 
relatively  low-quality  land  into  production. 

This  is  an  expensive  undertaking  requiring  heavy 
investment  in  equipment,  fertilizer,  and  manpower,  for 
which  farmers  must  be  compensated.  The  result  is  that 
50  years  from  now  the  population  resulting  from  the 
3-child  average  could  find  itself  having  to  pay  farm  food 
prices  some  40  to  50  percent  higher  than  they  would  be 
otherwise.  The  needs  of  the  population  at  the  lower 
growth  rate  could  be  met  with  practically  no  price 
increase. 

The  larger  population  could  avoid  the  price  rise  by 
shifting   away    from   consumption  of  animal  livestock 
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towards  vegetables  and  synthetic  meats.  Perhaps  it 
would  shift  to  a  closed  system  of  agriculture— food  from 
factories.  One  way  or  another,  a  solution  can  be  found. 
The  problem  for  a  growing  population  is  to  survey  the 
possible  solutions  and  select  the  ones  it  dislikes  least. 

Pollution 

As  the  gross  national  product  goes  up,  so  does  the 
production  of  pollutants.  An  irony  of  economic 
measurement  is  that  the  value  of  goods  and  services 
represented  by  GNP  includes  the  cost  of  producing  the 
pollutants  as  well  as  expenditures  for  cleaning  up 
afterward.  We  may  fill  our  tank  with  gasoline,  but  due 
to  engine  inefficiency,  some  portion  of  that  ends  up  in 
the  atmosphere  as  air  pollution.  Such  pollutants  are  not 
free— we  had  to  pay  good  money  to  put  them  in  the  air. 
Yet  the  cost  of  putting  them  there  is  included  in  our 
principal  measure  of  national  economic  well-being. 

If  we  clean  up  the  pollutants,  the  cost  of  the 
cleanup  effort  is  also  added  to  GNP.  But  many  of  the 
costs,  such  as  poorer  health  and  deteriorated  surround- 
ings, are  never  counted  at  all.  It  is  an  indictment  of  our 
ignorance  and  indifference  toward  what  we  do  to  the 
environment,  that  in  our  national  economic  accounts  we 
count  so  few  of  the  "bads,"  and  that  even  when  we  do 
count  them,  we  count  them  as  "goods." 

To  understand  the  contribution  of  population  to 
pollution,  we  have  to  distinguish  two  broad  classes  of 
pollutants.  The  first  class  includes  the  major  products  of 
combustion— carbon  monoxide,  carbon  dioxide,  oxides 
of  nitrogen,  oxides  of  sulfur,  liydrocarbons,  and  par- 
ticulates—and  several  measures  of  water  pollution,  in- 
cluding biochemical  demand  for  oxygen  and  suspended 
and  dissolved  solids.  The  pollutants  in  this  group,  once 
produced,  endure  in  the  environment  for  a  relatively 
short  time— short  enough  so  that  long-term  accumula- 
tions are  not  a  problem.  This  group  contains  the  more 
massive  and  commonly  discussed  pollutants,  and  enough 
information  exists  about  them  so  that  we  can  link  them 
to  economic  activity  and  population. 

The  second  class  of  pollutants  includes  those  which 
endure  longer— radiation  and  pesticides,  plus  a  wide 
variety  of  ever-changing  chemicals  emitted  by  our  high 
technology  mdustries.  Most  such  chemicals  are  emitted 
in  small,  often  highly  poisonous  amounts.  For  many  of 
these  pollutants,  future  developments  depend  more 
heavily  on  changes  in  technology  than  on  changes  in 
population  and  economic  growth.  In  any  case,  they  are 
very  difficult  to  link  to  population  and  economic 
growth   in  a  simple  and  quantitative  fashion.  For  this 


reason,  the  results  we  present  here  are  for  the  first  class 
of  pollutants,  although  this  does  not  minimize  the 
environmental  damage  done  by  the  others. 

In  the  next  30  years,  most  of  these  pollutants  can 
be  eliminated  by  enforcing  treatment  standards  for 
pollution  emissions.  Slower  population  and  economic 
growth  would  help;  but  over  this  period,  by  far  the 
biggest  reduction  in  pollution  can  be  achieved  by  a 
head-on  attack.  This  is  illustrated  in  Figure  5.3  for 
hydrocarbons— a  major  component  of  auto  exhaust  and 
other  combustion.  In  this  example,  the  treatment 
standard  is  the  Environmental  Protection  Agency's  1975 
standard  for  emissions  into  the  air.  Even  if  this  standard 
were  not  met  on  schedule,  it  certainly  will  be  met  by 
the  year  2000;  indeed,  by  that  time,  we  are  likely  to 
have  much  tighter  standards. 

The  relationships  shown  in  Figure  5.3  hold  generally 
for  the  other  pollutants  we  examined.  The  reason  for 
the  spectacular  results  from  enforcing  standards  is  that 
we  have  imposed  so  little  control  in  the  past.  The  results 
do  not  assume  any  big  new  technological  breakthroughs. 
It  is  just  that  we  have  only  now  begun  to  fight.  Many  of 
the  required  changes  could  be  implemented  today.  Soap 
could  be  used  instead  of  detergent;  natural -colored 
paper  could  replace  heavily  bleached  paper  in  many 
uses;  returnable  bottles  could  be  used;  the  horsepower 
of  auto  engines  could  be  reduced.  It  is  not  difficult  to 
find  answers  when  one  begins  to  look. 

Whatever  we  assume  about  future  treatment 
policy,  pollution  emissions  in  the  year  2000  would  be 
less  with  the  2-child  than  with  the  3-cniid  rate  of 
population  growth— from  five  to  12  percent  less,  de- 
pending on  the  pollutant.  If  population  were  one 
percent  less  than  projected  in  the  year  2000,  pollution 
emissions  would  be  0.3  to  0.6  percent  less.  If  GNP  per 
capita  were  one  percent  less  than  projected,  emissions 
would  be  0.2  to  0.9  percent  less. 

Once  we  achieve  control  over  the  emissions  from 
each  source,  pollution  will  once  again  rise  in  response  to 
economic  and  population  growth.  We  can  already  see 
this  process  at  work  in  rapidly  growing  psirts  of  the 
country.  At  our  Los  Angeles  public  hearing,  meteorol- 
ogist James  D.  Edinger  described  the  successful  efforts 
in  Los  Angeles  to  control  air  pollution  from  stationary 
sources— power  plants,  heavy  industry,  home  heating— 
2md  the  beginnings  of  the  program  to  control  pollution 
from  motor  vehicles.  But,  he  said,  in  recent  years: 

...  a  close  race  has  been  run  between  increas- 
ing numbers  of  sources  and  decreasing  emis- 
sions per  source.   But  as  emission  levels  per 
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Figure  5.3  Hydrocarbon  Emissions 
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The  generation  and  emission  of  hydrocarbon  pollutants  is  shown  under 
different  assumptions  about  future  population  growth,  economic 
growth,  changes  in  technology,  and  pollution  abatement  policy. 


The  bars  labeled  A,  shown  for  background  purposes  only,  indicate  the 
levels  of  hydrocarbon  wastes  that  would  be  generated  under  present 
technology  These  waste  levels  would  be  generated  if  there  were  no 
changes  in  technology  between  the  1 967  - 1 970  base  period  and  the 
year  2000 


The  bars  labeled  B  show  actual  emissions  of  hydrocartwn  pollutants 
in  1 970  and  expected  emissions  in  the  year  2000.  assuming  no  change 
in  pollution  abatement  policy.  The  difference  between  A  and  B  shows 
the  extent  to  which  the  introduction  of  more  efficient,  less  wasteful 
technology  between  now  and  the  year  2000  ts  expected  to  reduce  the 
generation  and  emission  of  pollutants  below  the  levels  generated  if 
technology  remained  unchanged  Such  changes  in  technology  are 
tikely  to  come  anyway,  they  do  not  depend  on  public  pressure  to  reduce 
harmful  residuals 


2000 

The  B  bars  show  that,  even  with  improved  technology,  pollution  levels 
would  be  much  higher  in  the  year  2000  than  they  are  now.  These  levels 
would,  however.  t>e  somewhat  lower  if  population  grew  at  the  2 -child 
rate  rather  than  the  3 -child  rate,  and  tf  the  economy  grew  at  a  slower 
rate  rather  than  a  more  rapid  rate{lo -growth  GNP  vs.  hi-growth  GNP), 


The  bars  labeled  C  show  hydrocarbon  emissions  in  the  year  2000 
assuming  an  active  pollution-abatement  policy  The  assumed  policy  is 
the  Environmental  Protection  Agency's  1 975  standard  for  emissions 
into  the  air.  The  changes  in  production  and  waste  treatment  processes 
induced  by  this  policy  would  have  a  greater  effect  than  would  any  of  the 
other  changes  shown — in  technology,  population  growth,  or  economic 
growth 


Source:  Ronald  G.  Ridker,  "The  Economy,  Resource  Require 
merits,  and  Pollution  Levels"  (prepared  for  the  Commission, 
1972). 
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source  are  trimmed  lower  and  lower  the  effort 
required  to  achieve  each  new  increment  of 
improvement  gets  more  and  more  difficult. 
The  increase  in  the  number  of  sources,  on  the 
other  hand,  is  projected  to  rise  steadily.  If  the 
race  for  acceptable  air  quality  is  to  be  won, 
the  heroic  emission  control  programs,  present 
and  anticipated  in  Los  Angeles,  must  soon  be 
joined  by  a  leveling  off,  if  not  a  reduction,  in 
the  number  of  sources.^ 

Our  own  research  on  air  pollution  indicates  that 
such  worries  are  well  founded.  The  standard  for 
concentrations  of  nitrogen  oxides  used  by  the  Environ- 
mental Protection  Agency  is  100  micrograms  per  cubic 
meter.  In  1970,  the  air  in  36  urban  areas  had  concentra- 
tions above  this  level.  An  active  abatement  policy  would 
eliminate  the  problem  in  most  areas.  But  if  our 
projections  of  economic  and  population  growth  come 
anywhere  close  to  the  truth,  Los  Angeles  emd  San  Diego 
in  the  year  2000  will  still  have  a  problem.  In  Los 
Angeles,  we  estimate  that  even  with  an  active  abatement 
policy,  concentrations  of  nitrogen  oxides  will  still  be  at 
least  50  percent  above  standard,  and  probably  well 
above  that.  In  this  region  of  the  country,  clearly 
something  must  give:  the  rate  of  population  growth, 
the  use  of  the  internal  combustion  engine— especially  for 
personal  transport— or  the  standard  itself. 

As  the  case  of  air  quality  in  Los  Angeles  illustrates, 
problems  of  environmental  quality  are  often  worse  in 
metropolitan  areas  that  are  larger  and  in  regions  that  are 
more  densely  populated.  This  is  clearly  true  for  air 
pollution  (and  associated  respiratory  disease),  noise, 
traffic  congestion,  and  time  spent  getting  to  work. 
Other  factors  are  less  clear.  Our  research  shows  that 
sewage  and  water  treatment  costs  per  person  decline  as 
city  size  increases  to  about  100,000;  above  that, 
engineering  data  suggest  that  costs,  should  be  the  same 
for  conventional  facilities,  but  the  actual  observed  costs 
appear  to  rise.  If  large  cities  have  to  change  their  sewage 
facilities,  costs  per  person  will  be  much  higher.  Simi- 
larly, solid  waste  disposal  costs  either  follow  a  U-shaped 
curve  or  increase  with  city  size  and  density.  There  is  also 
evidence  that  large  cities  change  local  climate— wind, 
cloudiness,  temperature,  and  precipitation;  we  really  do 
not  know  whether  or  not  such  changes  are  bad.  The 
inner  city  has  all  these  environmental  problems  but  to  a 
heightened  degree. 

Yet  the  underlying  cause  of  poor  environmental 
quality  in  the  larger  urban  centers  may  often  not  be 
size.  Most  of  our  largest  centers  are  the  old  cities  of  the 


north;  their  problems  may  arise  more  from  urban  forms 
and  transportation  systems  appropriate  to  an  earlier  era, 
old  and  uncoordinated  facilities,  multiple  goverriniented 
jurisdictions,  and  the  injustices  that  lead  to  inadequate 
financing  and  high  proportions  of  minority  groups  and 
poor  in  central  cities.  In  new  cities  as  well  as  old, 
environmental  quality  suffers  from  inadequate  pricing 
of  public  facilities  and  common  property  resources  hke 
space  and  waste  disposal  media,  such  as  rivers  and  air. 
The  historical  evidence  relating  environmental  quality  to 
metropolitan  size  may  not  be  applicable  to  the  building 
of  new  cities  and  the  refitting  of  older  cities;  indeed, 
many  such  problems  would  remain  wherever  people  live. 
The  total  volume  of  pollutants  in  the  United  States 
responds,  as  we  have  seen,  to  the  size  of  the  national 
economy,  which  in  turn  depends  heavily  on  the  size  of 
the  national  population.  People  consume  resources 
wherever  they  live.  Whether  in  New  York  City  or  a  small 
town  in  the  midwest,  people  still  drive  an  automobile 
made  of  steel  using  coal  mined  in  West  Virginia.  In  the 
process,  the  air  in  cities  is  fouled  by  smoke  and  the 
scenery  and  the  streams  of  West  Virginia  are  spoiled  by 
strip  mining.  Wherever  Americans  live,  they  make  huge 
demands  on  the  nation's  and  the  world's  resources  and 
environment. 

Risks  and  Choices 

As  a  nation,  we  have  always  faced  choices  and 
always  will.  What  matters  is  the  range  of  choice  we  have 
and  the  urgency  with  which  the  need  to  choose  is  thrust 
upon  us.  The  evidence  indicates  that  continued  popula- 
tion growth  narrows  our  choices  and  forces  us  to  choose 
in  haste. 

From  the  standpoint  of  resources  and  the  environ- 
ment, the  United  States  can  cope  with  rapid  population 
growth  for  the  next  30  to  50  years.  But  doing  so  will 
become  an  increasingly  unpleasant  and  risky  business- 
unpleasant  because  "coping"  with  growth  means  adopt- 
ing solutions  we  don't  hke;  risky  because  it  means 
adopting  solutions  before  we  understand  them.  Within 
the  United  States,  the  risks  are  ecological  and  social. 
And,  there  are  risks  which  involve  our  relationship  with 
the  rest  of  the  world. 

We  in  this  country  are  tampering  with  the  ecosys- 
tem in  many  ways,  the  consequences  of  which  we  do 
not  begin  to  understand.  The  crude  methods  used  to 
estimate  the  effect  of  emissions  on  air  quality  and  the 
damages  and  costs  of  urban  pollution  illustrate  our 
ignorance  all  too  well.  Worse  yet  is  our  understanding  of 
the  second  class  of  pollutants,  bypassed  in  our  analysis 
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precisely  because  we  know  so  little  about  them.  Because 
such  pollutants  endure  longer,  because  they  are  highly 
poisonous  jn  small  closes,  because  new  pollutants  are 
continually  being  introduced,  and  because  there  are  long 
time  lags  between  emissions  and  the  appearance  of 
damages,  we  shall  not  quickly  improve  our  knowledge  in 
this  area. 

Radioactive  wastes  are  an  example.  There  will  be 
more  nuclear  power  plants  if  rapid  population  and 
economic  growth  occurs,  but  nuclear  management  and 
technology  are  changing  so  fast  that  there  is  no  stable 
benchmark  from  which  to  estimate  the  amount  of 
radioactive  wastes  likely  to  escape  into  the  environment. 
We  know  that,  once  in  the  environment,  such  wastes  can 
travel  long  distances  through  space  and  food  chains,  and 
we  know  the  kinds  of  damage  they  can  cause.  But  we  do 
not  know  where  they  will  come  to  rest,  the  extent  of 
the  damage,  or  when  it  will  occur.  Clearly,  we  need  to 
know  far  more  about  how  natural  systems  function 
when  forced  to  absorb  greater  quantities  of  pollutants. 

Beyond  pollution,  there  are  profound  ecological 
impacts:^  the  simplification  and  destahilization  of  eco- 
systems associated  with  modem  one-crop  agriculture; 
the  reduction  in  the  variety  of  gene  pools  in  our  most 
important  plants;  the  threat  to  the  productivity  of  the 
sea  through  the  fiUing-in  of  salt  marshes;  the  unknown 
consequences  of  climate  changes  caused  by  man's 
activities;  and  many  more. 

Population  growth  is  clearly  not  the  sole  culprit  in 
ecological  damage.  To  believe  that  it  is,  is  to  confuse 
how  things  are  done  with  how  many  people  are  doing 
them.  Much  of  the  damage  we  do  results  from  efforts  to 
satisfy  fairly  trivial  preferences— for  unblemished  fruit, 
detergents,  rapidly  accelerating  cars,  and  bright  colored 
paper  products.  We  can  and  should  cut  back  on 
frivolous  and  extravagant  consumption  that  pollutes. 
The  way  things  are  done  can,  to  a  significant  degree,  be 
changed  regardless  of  how  many  people  are  doing  them. 
But  the  overall  effect  is  a  product  of  numbers  times 
styles  of  life  taken  together.  One  multiplies  the  other  to 
produce  the  total  impact. 

The  real  risk  lies  in  the  fact  that  increasing 
numbers  press  us  to  adopt  new  technologies  before  we 
know  what  we  are  doing.  The  more  of  us  there  are  the 
greater  is  the  temptation  to  introduce  solutions  before 
their  side  effects  are  known.  It  might  be  far  better 
environmentally  to  postpone  the  introduction  of 
nuclear  power  plants  until  the  inherently  cleaner  fusion 
reactors  are  developed.  When  one  pesticide  or  food 
additive  is  found  to  be  dangerous  to  man,  it  is  replaced 
with  another  about  which  we  know  less.  We  undertake 


the  expenditure  of  billions  on  water  treatment,  without 
knowing  whether  the  benefits  outweigh  the  costs  of 
other  opportunities  foregone.  Slower  population  growth 
will  not  eliminate  this  situation,  but  it  will  reduce  the 
urgency,  the  "crash  program"  character  of  much  that 
we  do.  It  will  buy  time  for  the  development  of  sensible 
solutions. 

We  can  cope  with  population  growth  for  another 
half  century  if  we  have  to;  the  question  is  whether  we 
want  to.  We  can  cope  with  resource  shortages— if  we 
cannot  mine  a  resource,  we  can  import,  design  around 
it,  find  a  substitute,  or  reduce  consumption.  Where 
water  deficits  threaten,  we  can  choose  between  charging 
more  for  its  use,  transferring  people  and  industry  to 
other  parts  of  the  country,  and  constructing  longer  and 
larger  canals.  If  pollution  emissions  cannot  be  tolerated, 
we  can  change  production  processes,  improve  treatment, 
separate  polluters  from  their  victims,  treat  the  symp- 
toms, or  simply  produce  less  of  the  commodity  causing 
the  pollution.  Congestion  during  commuter  hours  can 
be  handled  by  restricting  the  use  of  private  cars, 
developing  mass  transit,  and  staggering  work  hours. 
Congestion  at  recreation  sites  can  be  handled  by 
building  additional  facilities,  improving  management, 
encouraging  substitutes  such  as  foreign  travel,  and  if 
necessary,  by  staggering  vacations.  Even  land  shortages 
for  agriculture  can  be  handled,  given  sufficient  lead 
time,  through  farming  the  sea,  changing  our  diet, 
developing  synthetic  foods,  and  so  forth. 

Such  changes  pose  physical,  technical,  and 
managerial  challenges  that  we  can  probably  meet  if  we 
must.  But  in  so  doing,  we  shall  pay  a  cost  reckoned  not 
in  dollars  but  in  our  way  of  life. 

Population  growth  forces  upon  us  slow  but  irrever- 
sible changes  in  life  style.  Imbedded  in  our  traditions  as 
to  what  constitutes  the  American  way  of  life  is  freedom 
from  public  regulation— virtually  free  use  of  water; 
access  to  uncongested,  unregulated  roadways;  freedom 
to  do  as  we  please  with  what  we  own;  freedom  from 
permits,  licenses,  fees,  red  tape,  and  bureaucrats;  and 
freedom  to  fish,  swim,  and  camp  where  and  when  we 
will.  Clearly,  we  do  not  live  this  way  now.  Maybe  we 
never  did.  But  everything  is  relative.  The  population  of 
2020  may  look  back  with  envy  on  what,  from  their 
vzmtage  point,  appears  to  be  our  relatively  unfettered 
way  of  life. 

Conservation  of  water  resources,  restrictions  on 
pollution  emissions,  limitations  on  fertilizer  and 
pesticides,  preservation  of  wilderness  areas,  and  protec- 
tion of  animal  life  threatened  by  man— all  require  public 
regulation.  Rules  must  be  set  and  enforced,  complaints 
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heard  and  adjudicated.  Granted,  the  more  we  can  find 
means  of  relying  on  the  price  system,  the  easier  will  be 
the  bureaucratic  task.  Indeed,  we  ought  to  be  experi- 
menting right  now  with  ways  of  making  price  incentives 
induce  appropriate  use  of  the  environment  and  re- 
sources. At  present,  most  monetary  incentives  work  the 
wTong  way,  inducing  waste  and  pollution  rather  than 
the  opposite. 

But  even  if  effluent  charges  and  user  fees  became 
universal,  they  will  have  to  be  set  administratively; 
emissions  and  use  will  have  to  be  metered,  and  fees 
collected.  It  appears  inevitable  that  a  larger  portion  of 
our  lives  will  be  devoted  to  filling  out  forms,  arguing 
with  the  computer  or  its  representatives,  appealing 
decisions,  waiting  for  our  case  to  be  handled,  finding 
ways  to  evade  or  to  move  ahead  in  line.  In  many  small 
ways,  everyday  life  will  become  more  contrived. 

Many  such  changes  will  have  to  occur  no  matter 
which  population  projection  occurs.  But  the  difference, 
small  at  first,  would  grow  with  time  until,  a  half  century 
from  now,  the  two  societies  may  appear  qualitatively 
different. 

Another  price  we  pay  for  having  to  cope  with 
continued  population  growth  is  the  pressure  to  keep  on 
postponing  the  solution  of  social  problems.  While 
growth  continues,  top  priority  will  be  given  to  finding 
the  necessary  resources,  controlling  pollutants,  correct- 
ing the  damages  they  have  done,  and  building  ever  larger 
water  canals,  highways,  and  mass  transit  systems.  A 
large  and  perhaps  growing  fraction  of  our  physical  and 
intellectual  capital  is  directly  or  indirectly  devoted  to 
these  tasks— to  finding  ways  to  cope  with  the  problems 
that  continued  growth  generates.  From  past  experience, 
we  can  predict  with  a  fair  degree  of  confidence  that 
such  priorities  will  continue  to  subordinate  efforts 
devoted  to  resolving  fundamental  social  problems.  When 
something  must  give  because  the  system  is  becoming 
overloaded,  it  is  unlikely  to  be  the  building  of  another 
dam. 

The  point  is  that  continued  population  growth 
limits  our  options.  In  the  case  of  the  larger  population, 
with  less  land  per  person  and  more  people  to  accommo- 
date, there  are  fewer  alternatives,  less  room  for  diver- 
sity, less  room  for  error.  To  cope  with  continued 
growth,  technology  must  advance;  lifestyles  must 
change.  Slower  population  growth  offers  us  the 
difference  between  choice  and  necessity,  betwe.  i 
prudence  and  Uving  dangerously. 

The  United  States  and  the  World 

The  research  done  for  the  Commission  showed  that 


the  United  States  will  greatly  enlarge  its  demands  on 
world  resources,  especially  minerals  and  petroleum,  over 
the  decades  ahead.  We  will  be  requiring  substantially 
larger  imports  of  many  minerals,  such  as  chromium, 
vanadium,  cobalt,  and  nickel,  for  which  domestic 
supplies  are  not  available  or  are  available  only  at 
substantially  higher  costs. 

The  demand  of  other  countries  for  minerals, 
petroleum,  and  other  resources  will  certainly  also  rise 
sharply  over  the  coming  decades.  This  will  result  from 
rapid  increases  in  output  per  person  in  other  industri- 
alized countries  and  from  the  rapid  modernization  of 
agriculture  and  industry  in  developing  countries.  The 
rates  of  increase  in  production  in  other  parts  of  the 
world  are  likely  to  be  higher  than  those  of  the  United 
States.  Their  rates  of  increase  in  demand  for  mineral 
supphes  are  likely  to  rise  even  more  sharply,  because 
they  are  at  an  earlier  stage  of  the  industrialization 
process  and  because  the  composition  of  their  GNP 
includes  proportionately  more  goods  and  fewer  services 
than  does  that  of  the  United  States. 

Taking  into  account  the  huge  increases  in  popula- 
tion which  are  in  prospect,  it  seems  clear  that  demands 
for  natural  resources  in  other  parts  of  the  world  will  rise 
more  rapidly  than  demands  in  the  United  States;  thus, 
the  share  of  the  United  States  in  the  use  of  world 
resources  will  steadily  decline.  For  example,  projections 
made  for  the  Commission  indicate  that  over  the  next  50 
years  the  share  of  the  United  States  in  the  world's  use  of 
aluminum  may  decline  from  37  percent  in  1968  to  as 
low  as  nine  percent  by  the  year  2020.  In  the  same  time 
period,  the  share  of  the  United  States  of  total  world 
copper  requirements  may  drop  from  22  percent  to  five 
percent. 

While  all  such  figures  necessarily  reflect  uncertain 
assumptions  about  production,  income,  and  technology, 
nevertheless  they  indicate  the  extremely  important 
extent  to  which  the  United  States  is  inextricably 
involved  in  the  development  and  use  of  resources  on  a 
worldwide  scale. 

Our  research  also  demonstrates  that  environmental 
issues  will  have  to  be  faced  increasingly  on  an  interna- 
tional basis  over  the  years  ahead.  There  are  already 
conspicuous  cases  of  environmental  damage  and  risk 
which  cannot  be  solved  on  a  national  basis.  The 
continuing  problem  of  petroleum  pollution  in  the 
oceans  is  such  a  case.  Neither  the  oceans  nor  the 
atmosphere  can  be  successfully  dealt  with  if  one  looks 
only  at  the  territory  within  a  nation's  boundary.  And 
many  additional  issues  of  international  ecological 
significance  will  be  increasingly  important— such  as  the 
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effects  of  enormous  increases  in  world  use  of  pesticides 
and  chemical  fertilizers,  the  environmental  impact  of 
multi-national  corporations,  and  many  more. 

The  Commission  has  been  deeply  impressed  by  the 
unprecedented  size  and  significance  of  the  looming 
problems  of  resources  and  environment  on  a  world 
scale.  We  see  the  need  for  much  greater  efforts  than  are 
underway  now  to  analyze  and  understand  these 
problems,  and  to  develop  international  policies  and 
programs  to  deal  with  them.  We  foresee  potentially 
grave  issues  of  clashing  interests  among  nations  and 
world  regions,  which  could  have  very  serious  effects  on 
the  United  States. 

Therefore,  we  believe  strongly  that,  in  its  own 
interest,  the  United  States  should  work  positively  and 
constructively  with  other  countries  and  international 
organizations  in  analyzing  and  solving  problems  related 
to  natural  resources  and  the  environment  in  the  world. 
We  have  made  no  special  study  of  the  detailed  policies 
and  programs  which  the  United  States  should  pursue  for 
these  purposes.  We  do  now  emphatically  urge,  however, 
that  the  nation  join  vigorously  and  cooperatively  in 
solving  problems  of  international  trade,  assistance  to 
less-developed  countries,  and  other  pressing  issues  which 
will  affect  so  sharply  not  only  the  future  well-being  of 
others  in  the  world  but  the  direct  prospects  for  a 
sensible  and  respectable  future  for  ourselves.  We  should 
not  approach  such  problems  in  a  spirit  of  charity  or 
largesse.  Our  own  future  depends  heavily  on  the 
evolution  of  a  sensible  mtemational  economic  order, 
capable  of  dealing  with  natural  resources  and  environ- 
mental conditions  on  a  world  scale. 


to  study  our  social,  political,  and  economic  institutions 
with  a  view  towards  recommending  modifications  that 
will  reduce  the  discrepancy  between  the  private  and  the 
public  interest.  Practical  procedures  for  utilizing  the 
effluent  charge  approach  to  environmental  quality 
management  2ind  for  initiating  a  rational  system  of 
land-use  planning  are  important  cases  in  point.  We  need 
to  develop  technologies  that  conserve  particularly  scarce 
physical  and  environmental  resources.  While  appropriate 
effluent  charges  will  encourage  private  business  to  move 
in  this  direction,  government  sponsorship  of  "yardstick" 
research  on  industrial  technologies  is  necessary,  particu- 
larly when  our  concern  is  with  the  problems  farther  in 
the  future  than  private  business  can  afford  to  look. 

While  parts  of  these  tasks  are  being  performed  by 
isolated  agencies,  coordination  and  analytical  assessment 
on  a  broad  level  are  lacking.  Private  business  firms  and 
most  government  agencies  are  of  necessity  too  present- 
oriented  or  mission-oriented  to  serve  these  functions 
adequately;  nor  can  they  be  left  to  ad  hoc  commissions 
such  as  this  one.  On  the  other  hand,  we  do  feel  that 
some  group  should  be  assigned  central  responsibility  for 
such  functions.  Such  a  body  would  serve  as  a  "lobby  for 
the  future"  to  identify  potential  population,  resource, 
and  environmental  problems  well  in  advance  of  their 
occurrence;  to  establish  priorities  and  sponsor  technical 
and  social  research  directed  towards  their  resolution; 
and  where  necessary  to  formulate  and  recommend 
policies  to  that  end. 


Long-Term  Strategic  Planning 

Our  consideration  of  the  problems  and  prospects 
involved  in  this  country's  long-term  future  convinces  us 
that  an  important  dimension  of  policy  formation  is 
being  overlooked.  This  dimension  involves  the  identifi- 
cation, study,  and  initiation  of  actions  with  respect  to 
future  problems  that  may  require  lead  times  of  decades 
rather  than  years  to  resolve.  There  is  a  need  for 
continuous  monitoring  and  evaluation  of  the  long-term 
implications  of  demographic  changes,  of  future  resource 
demands  and  supphes,  of  possible  pollution  overload 
situations,  and  of  the  underlying  trends  in  technology 
and  patterns  of  social  behavior  that  influence  these 
factors. 

Once  future  problems  are  identified,  there  is  a  need 
to  undertake  the  necessary  research  and  development 
and  to  formulate  the  policies  to  resolve  them.  We  need 
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Chapter  8: 


Population  and  Public  Policy 


We  have  reviewed  population  trends  in  the  United 
States  and  examined  their  implications.  Now  we  are 
ready  to  talk  about  the  meaning  of  these  trends  for 
policy . 

Four  things  stand  out:  First,  the  effects  of  our  past 
rapid  growth  are  going  to  be  with  us  for  a  long  time. 
Second,  we  have  to  make  a  choice  about  our  future 
growth.  Third,  the  choice  involves  nothing  less  than  the 
quality  of  American  life.  And,  fourth,  slower  population 
growth  provides  opportunities  to  improve  the  quality  of 
life,  but  special  efforts  are  required  if  the  opportunities 
are  to  be  well  used. 

A  Legacy  of  Growth 

Regardless  of  what  happens  to  the  birthrate  from 
now  on,  our  past  growth  commits  us  to  substantial 
additional  growth  in  the  future.  At  a  minimum,  we  will 
probably  add  50  million  more  Americans  by  the  end  of 
the  century,  and  the  figure  could  easily  be  much  higher 
than  that. 

We  will  be  living  for  a  long  time  with  the 
consequences  of  the  baby  boom.  Not  long  ago,  that 
surge  of  births  caused  double  sessions,  school  in  trailers, 
and  a  teacher  shortage.  Now  it  is  crowding  the  colleges 
and  swelling  the  number  of  people  looking  for  jobs.  As 
these  young  people  grow  older,  they  will  enter  the  ranks 
of  producers  as  well  as  consumers,  and  they  will 
eventually  reenter  dependency— the  dependency  of  the 
aged. 

We  are  going  to  have  to  plan  for  this.  Swelling 
numbers  of  job  applicants  put  an  extra  burden  on  full 
employment  policy,  if  only  because  failure  in  this 
respect  now  affects  so  many  more  people  than  it  did 
once.  This  will  continue  to  be  true  for  many  years. 
People  think  the  "baby  boom"  ended  in  the  1950's.  Not 
so.  That  was  only  when  it  reached  its  peak.  The  last  year 
when  births  exceed  four  million  was  1964,  only  eight 
years  ago.'  In  fact,  today's  eight-year-olds  are  just  as 
numerous  eis  18-year-olds.  So  it  is  not  too  late  to  try  to 
do  better  by  the  youngest  of  the  baby-boom  babies  than 
we  did  by  the  oldest. 

The  baby  boom  is  not  over.  The  babies  have 
merely  grown  older.  It  has  become  a  boom  in  the  teens 
and  twenties.  In  a  few  decades,  it  will  be  turning  into  a 
retirement  boom.  During  the  second  decade  of  the  next 
century,  30  million  people  will  turn  65,  compared  with 
15  miUion  who  had  their  65th  birthday  in  the  past  10 
years. ^  Will  the  poverty  of  the  aged  be  with  us  then? 
Census  Bureau  reports  disclose  that  25  percent  of 
today's    aged    are    in    poverty,    compared    with    eight 


percent  of  people  in  the  young  working  ages  of  22  to 
45.^  Thirty  years  from  now,  will  we  do  better  by  the 
sweUing  numbers  of  aged  than  we  do  by  those  we  have 
now?  Will  we  develop  alternatives  to  treating  the  elderly 
as  castoffs?  Not  if  we  don't  try.  Not  if  we  don't  plan  for 
it. 

We  may  be  through  with  the  past,  but  the  past  is 
not  done  with  us.  Our  demographic  history  shapes  the 
future,  even  though  it  does  not  determine  it.  It  sets 
forth  needs  as  well  as  opportunities.  It  challenges  us  to 
get  ready.  WhUe  we  cannot  predict  the  future,  much  of 
it  is  foreseeable.  For  this  much,  at  least,  we  should  be 
prepared. 

The  Choice  About  Future  Growth 

We  have  to  make  a  choice  about  our  future  growth. 
As  a  Commission,  we  have  formed  a  definite  judgment 
about  the  choice  the  nation  should  make.  We  have 
examined  the  effects  that  future  growth  alternatives  Eire 
likely  to  have  on  our  economy,  society,  government, 
resources,  and  environment,  and  we  have  found  no 
convincing  argument  for  continued  national  population 
growth.  On  the  contrary,  the  plusses  seem  to  be  on  the 
side  of  slowing  growth  and  eventually  stopping  it 
altogether.  Indeed,  there  might  be  no  reason  to  fear  a 
decline  in  population  once  we  are  past  the  period  of 
grovrth  that  is  in  store. 

Neither  the  health  of  our  economy  nor  the  welfare 
of  individual  businesses  depend  on  continued 
population  growth.  In  fact,  the  average  person  will  be 
markedly  better  off  in  terms  of  traditional  economic 
values  if  population  growth  slows  down  than  if  it 
resumes  the  pace  of  growth  experienced  in  the  recent 
past. 

With  regard  to  both  resources  and  the 
environment,  the  evidence  we  have  assembled  shows 
that  slower  growth  would  conserve  energy  and  mineral 
resources  and  would  be  a  significant  aid  in  averting 
problems  in  the  areas  of  water  supply,  agricultural  land 
supply,  outdoor  recreation  resources,  and  environmental 
pollution. 

Slower  population  growth  can  contribute  to  the 
nation's  ability  to  solve  its  problems  in  these  areas  by 
providing  an  opportunity  to  devote  resources  to  the 
quality  of  life  rather  than  its  quantity,  and  by  "buying 
time"— that  is,  slowing  the  pace  at  which  problems 
accumulate  so  as  to  provide  opportunity  for  the 
development  of  orderly  and  democratic  solutions. 

For  government,  slower  population  growth  offers 
potential  benefits  in  the  form  of  reduced  pressures  on 
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educational  and  other  services;  and,  for  the  people,  it 
enhances  the  potential  for  improved  levels  of  service  in 
these  areas.  We  find  no  threat  to  national  security  from 
slower  growth.  While  population  growth  is  not  by  any 
means  the  sole  cause  of  governmental  problems,  it 
magnifies  them  and  makes  their  solution  more  difficult. 
Slower  growth  would  lessen  the  increasing  rate  of  strain 
on  our  federal  system.  To  that  extent,  it  would  enhance 
the  likelihood  of  achieving  true  justice  and  more  ample 
well-being  for  all  citizens  even  as  it  would  preserve  more 
individual  freedom. 

Each  one  of  the  impacts  of  population  growth— on 
the  economy,  resources,  the  environment,  government, 
or  society  at  large— indicates  the  desirability,  in  the 
short  run,  for  a  slower  rate  of  growth.  And,  when  we 
consider  these  together,  contemplate  the  ever-increasing 
problems  involved  in  the  long  run,  and  recognize  the 
long  lead  time  required  to  arrest  growth,  we  must 
conclude  that  continued  population  growth— beyond 
that  to  which  we  are  already  committed  by  the  legacy 
of  the  baby  boom— is  definitely  not  in  the  interest  of 
promoting  the  quality  of  life  in  the  nation. 

The  Quality  of  American  Life 

We  are  concerned  with  population  trends  only  as 
they  impede  or  enhance  the  realization  of  those  values 
and  g02ils  cherished  in,  by,  and  for  American  society. 

What  values?  Whose  goals?  As  a  Commission,  we 
do  not  set  ourselves  up  as  an  arbiter  of  those 
fundamental  questions.  Over  the  decades  ahead,  the 
American  people  themselves  will  provide  the  answers, 
but  we  have  had  to  judge  proposals  for  action  on 
population -related  issues  against  their  contribution  to 
some  version  of  the  good  life  for  this  society  and,  for 
that  matter,  the  world.  WTiat  we  have  sought  are 
measures  that  promise  to  move  demographic  trends  in 
the  right  direction  and,  at  the  same  time,  have  favorable 
direct  effects  on  the  quality  of  life. 

We  know  that  problems  of  quality  exist  from  the 
variety  of  indicators  that  fall  short  of  what  is  desirable 
and  possible.  There  are  inequalities  in  the  opportunities 
for  life  itself  evidenced  by  the  high  frequency  of 
premature  death  and  the  lower  life  expectancy  of  the 
poor.  There  is  a  whole  range  of  preventable  illness  such 
as  the  currently  high  and  rising  rate  of  venereal  disease. 
There  are  a  number  of  congenital  deficiencies 
attributable  to  inadequate  prenatal  care  and  obstetrical 
services  and,  in  some  cases,  to  genetic  origin.  Not  all 
such  handicaps  are  preventable,  but  they  occur  at  rates 
higher    than    if    childbearing    were    confined    to    ages 


associated  with  low  incidence  and  if  genetic  counseling 
were  more  widely  available. 

Innate  human  potential  often  has  not  been  fully 
developed  because  of  the  inadequate  quality  of  various 
educational,  social,  and  environmental  factors. 
Particularly  with  regard  to  our  ethnic  minorities  and  the 
female  half  of  the  population,  there  are  large  numbers 
of  people  occupying  social  roles  that  do  not  capitalize 
on  their  latent  abilities  and  interest,  or  elicit  a  dedicated 
effort  and  commitment.  There  is  hunger  and 
malnutrition,  particularly  damaging  to  infants  and 
young  children,  that  should  not  be  tolerated  in  the 
richest  nation  the  world  has  ever  known.  Sensitive 
observers  perceive  in  our  population  a  certain 
frustration  and  alienation  that  appears  to  go  beyond 
what  is  endemic  in  the  human  condition;  the  sources  of 
these  feelings  should  be  explored  and  better  understood. 

And  we  can  also  identify  and  measure  the  limiting 
factors,  the  inequalities  of  opportunity,  and  the 
environmental  hazards  that  give  rise  to  such  limitations 
in  the  quality  of  life— for  example,  inadequate 
distribution  of  and  access  to  health,  education,  and 
welfare  services;  cultural  and  social  constraints  on 
human  performance  and  development  associated  with 
race,  ethnic  origin,  sex,  and  age;  barriers  to  full 
economic  and  cultural  participation;  unequal  access  to 
environmental  quEility;  and  unequal  exposure  to 
environmental  hazard. 

There  are  many  other  problems  of  quality  in 
American  life.  Thus,  alongside  the  challenges  of 
population  growth  and  distribution  is  the  challenge  of 
population  quality.  The  goal  of  al\  population  policy 
must  be  to  make  better  the  life  that  is  actually  lived. 

Opportunity  and  Choice 

While  slower  population  growth  provides 
opportunities,  it  does  not  guarantee  that  they  will  be 
well  used.  It  simply  opens  up  a  range  of  choices  we 
would  not  have  otherwise.  Much  depends  on  how  wisely 
the  choices  are  made  and  how  well  the  opportunities  are 
used.  For  example,  slower  population  growth  would 
enable  us  to  provide  a  far  better  education  for  children 
at  no  increase  in  total  costs.  We  want  the  opportunity 
presented  by  slower  growth  to  be  used  this  way,  but  we 
cannot  guarantee  that  it  will  be.  The  wise  use  of 
opportunities  such  as  this  depends  on  public  and  private 
decisions  yet  to  be  made. 

Slowing  population  growth  can  "buy  time"  for  the 
solution  of  many  problems;  but,  without  the 
determined,    long-range    application    of    technical   and 
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political  skills,  the  opportunity  will  be  lost.  For 
example,  our  economic  and  political  systems  reward  the 
exploitation  of  virgin  resources  and  impose  no  costs  on 
polluters.  The  technology  exists  for  solving  many  of 
these  problems.  But  proper  application  of  this  technol- 
ogy will  require  the  recognition  of  public  interests,  the 
social  inventiveness  to  discover  institutional  arrange- 
ments for  channeling  private  interests  without  undue 
government  regulation,  and  the  political  courage  and 
skill  rfeeded  to  institute  the  necessary  changes. 

Slower  population  growth  offers  time  in  which  to 
accomplish  these  things.  But  if  all  we  do  with  breathing 
time  is  breathe,  the  value  of  the  enterprise  is  lost. 

Population  change  does  not  take  place  in  a 
vacuum.  Its  consequences  are  produced  through  its  joint 
action  with  technology,  wealth,  and  the  institutional 
structures  of  society.  Hence,  a  study  of  the  American 
future,  insofar  as  it  is  influenced  by  population  change, 
cannot  ignore,  indeed  it  must  comment  upon,  the 
features  of  the  society  that  make  population  growth 
troublesome  or  not. 

Hence,  while  we  are  encouraged  by  the  improve- 
ment in  average  income  that  will  be  yielded  by  slower 
population  growth,  we  are  concerned  with  the  persist- 
ence of  vast  differences  in  the  distribution  of  income, 
which  has  remained  fixed  now  for  a  quarter  of  a 
century. 

While  we  are  encouraged  by  the  relief  that  slower 
population  growth  offers  in  terms  of  pressure  on 
resources  and  the  environment,  we  are  aware  of  the 
inadequacy  of  the  nation's  general  approach  to  these 
problems. 

We  rely  largely  on  private  market  forces  for 
conducting  the  daily  business  of  production  and  con- 
sumption. These  work  well  in  general  and  over  the  short 
run  to  reduce  costs,  husband  resources,  increase  pro- 
ductivity, and  provide  a  higher  material  standard  of 
living  for  the  individual.  But  the  market  mechanism  has 
been  ineffective  in  allocating  the  social  and  environ- 
mental costs  of  production  and  consumption,  primarily 
because  public  policies  and  programs  have  not  provided 
the  proper  signals  nor  required  that  such  costs  be  borne 
by  production  and  consumption  activities.  Nor  has  the 
market  mechanism  been  able  to  provide  socially  accept- 
able incomes  for  people  who,  by  virtue  of  age,  in- 
capacity, or  injustice,  are  poorly  equipped  to  participate 
in  the  market  system  for  producing  and  distributing 
income. 

Our  economy's  use  of  the  earth's  finite  resources, 
and  the  accompanying  pollution  or  deterioration  of  the 
quality  of  water,  air,  and  natural  beauty,  has  neglected 


Rome  of  the  fundamental  requirements  for  acceptable 
survival.  Often  the  time  horizon  for  both  public  and 
private  decisions  affecting  the  economy  has  been  too 
short.  It  seems  clear  that  market  forces  alone  cannot  be 
relied  uptn  to  achieve  our  social  and  environmental 
goals,  for  reasons  that  make  exchange,  though  the  main 
organizing  principle,  inadequate  without  appropriate 
institutional  and  legal  underpinnings. '' 

In  short,  even  if  we  achieve  the  stabilization  of 
population,  our  economic,  environmental,  govern- 
mental, and  social  problems  will  still  be  with  us  unless 
by  will  and  intelligence  we  develop  policies  to  deal  with 
the  other  sources  of  these  problems.  The  fact  that  such 
policies  have  shown  little  conspicuous  success  in  the 
past  gives  rise  to  the  skepticism  we  have  expressed  above 
in  our  discussion  of  the  relations  between  government 
and  population  growth. 

The  problem  is  not  so  much  the  impact  of 
population  on  government  as  the  adequacy  of  govern- 
ment to  respond  to  the  challenge  of  population  and  the 
host  of  issues  that  surround  it.  Long-term  planning  is 
necessary  to  deal  with  environmental  and  resource 
problems,  but  there  are  only  beginning  signs  that 
government  is  motivated  or  organized  to  undertake  it.  A 
major  commitment  is  required  to  bring  minorities  into 
the  mainstream  of  American  life,  but  the  effort  so  far  is 
inadequate.  It  is  clear  that  the  "real  city"  that  comprises 
the  metropolis  requires  a  real  government  to  manage  its 
affairs;  but  the  nation  is  still  trying  to  manage  the  affairs 
of  complex,  interconnected,  metropolitan  communities 
with  fragmented  institutional  structures  inherited  from 
the  18th  century. 

Population,  then,  is  clearly  not  the  whole  problem. 
But  it  is  clearly  part  of  the  problem,  and  it  is  the  part 
given  us  as  the  special  responsibility  of  this  Commission. 
How  policy  in  this  area  should  be  shaped  depends  on 
how  we  define  the  objectives  of  policy  in  respect  to 
population. 

Policy  Goals 

Ideailly,  we  wish  to  develop  recommendations 
worthwhile  in  themselves,  which  at  the  same  time,  speak 
to  population  issues.  These  recommendations  are  con- 
sistent with  American  ethical  values  in  that  they  aim  to 
enhance  individual  freedom  while  simultaneously  pro- 
moting the  common  good.  It  is  important  to  reiterate 
that  our  policy  recommendations  embody  goals  either 
intrinsically  desirable  or  worthwhile  for  reasons  other 
than  demographic  objectives. 

Moreover,  some  of  the  policies  we  recommend  are 
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irreversible  in  a  democratic  society,  in  the  sense  that 
freedoms  once  introduced  cannot  be  rescinded  lightly. 
This  irreversibility  characterizes  several  of  the  important 
policies  recommended  by  this  Commission.  We  are  not 
really  certain  of  the  demographic  impact  of  some  of  the 
changes  implied  by  our  recommendations.  One  or  two 
could  conceivably  increase  the  birthrate  by  indirectly 
subsidizing  the  bearing  of  children.  The  rest  may  depress 
the  birthrate  below  the  level  of  replacement.  We  are  not 
concerned  with  this  latter  contingency  because,  if 
sometime  in  the  future  the  nation  wishes  to  increase  its 
population  growth,  there  are  many  possible  ways  to  try 
this;  a  nation's  growth  should  not  depend  on  the 
ignorance  and  misfortune  of  its  citizenry.  In  any  event, 
it  is  naive  to  expect  that  we  can  fine-tune  such  trends. 

In  the  broadest  sense,  the  goals  of  the  population 
policies  we  recommend  aim  at  creating  social  conditions 
wherein  the  desired  values  of  individuals,  families,  and 
communities  can  be  realized;  equalizing  social  and 
economic  opportunities  for  women  and  members  of 
disadvantaged  minorities;  and  enhancing  the  potential 
foi  improving  the  quality  of  life. 

At  the  educational  level,  we  wish  to  increase  public 
awareness  and  understanding  of  the  implications  of 
population  change  and  simultaneously  further  our 
knowledge  of  the  causes  and  consequences  of  popula- 
tion change. 

In  regard  to  childbearing  and  child-rearing,  the 
goals  of  our  recommendations  are  to:  (1)  maximize 
information  and  knowledge  about  human  reproduction 
and  its  implications  for  the  family;  (2)  improve  the 
quality  of  the  setting  in  which  children  are  raised; 
(3)  neutralize  insofar  as  it  is  practicable  and  consistent 
with  other  values  those  legal,  social,  and  institutional 
pressures  that  historically  have  been  mainly  pronatalist 
in  character;  and  (4)  enable  individuals  to  avoid 
unwanted  childbearing,  thereby  enhancing  their  ability 
to  realize  their  preferences.  These  particular  policies  are 
aimed  at  facilitating  the  social,  economic,  and  legal 
conditions  within  our  society  which  increase  ethical 
responsibility  and  the  opportunity  for  unbiased  choice 
in  human  reproduction  and  child-rearing.  At  the  same 
time,  by  enhancing  the  individual's  opportunity  to  make 
a  real  choice  between  having  few  children  and  having 
many,  between  parenthood  and  childlessness,  and 
between  marriage  and  the  single  state,  these  policies 
together  will  undoubtedly  slow  our  rate  of  population 
growth  and  accelerate  the  advent  of  population  stabili- 
zation. 

In  connection  with  the  geographic  distribution  of 
population,  our  objectives  are  to  ease  and  guide  the 


process  of  population  movement,  to  facilitate  planning 
for  the  accommodation  of  movements,  and  to  increase 
the  freedom  of  choice  in  residential  locations. 

To  these  ends,  therefore,  we  offer  our  recommen- 
dations in  the  belief  that  the  American  people,  collec- 
tively and  individually,  should  confront  the  issues  of 
population  growth  and  reach  deliberate  informed 
decisions  about  the  family's  and  society's  size  as  they 
affect  the  achievement  of  personal  and  national  values. 
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Chapter  12: 


Population  Stabilization 


The  Commission's  Perspective 

Soon  after  the  Commission's  first  meeting  in  June 
1970,  it  became  evident  that  the  question  of  population 
stabilization  would  be  a  principal  issue  in  its  delibera- 
tions. A  population  has  stabilized  when  the  number  of 
births  has  come  into  balance  with  the  number  of  deaths, 
with  the  result  that,  the  effects  of  immigration  aside, 
the  size  of  the  population  remains  relatively  constant. 
We  recognize  that  stabilization  will  only  be  possible  on 
an  average  over  a  period  of  time,  as  the  annual  numbers 
of  births  and  deaths  fluctuate.  The  Commission  further 
recognizes  that  to  attain  a  stabilized  population  would 
take  a  number  of  decades,  primarily  because  such  a  high 
proportion  of  our  population  today  is  now  entering  the 
ages  of  marriage  and  reproduction. 

As  our  work  proceeded  and  we  received  the  results 
of  studies  comparing  the  likely  effects  of  continued 
growth  with  the  effects  of  stabilization,  it  became 
increasingly  evident  that  no  substantial  benefits  would 
result  from  continued  growth  of  the  nation's  popula- 
tion. This  is  one  of  the  basic  conclusions  we  have  drawn 
from  our  inquiry.  From  the  accumulated  evidence,  we 
further  concluded  that  the  stabilization  of  our  popula- 
tion would  contribute  significantly  to  the  nation's 
ability  to  solve  its  problems.  It  was  evident  that  moving 
toward  stabilization  would  provide  sin  opportunity  to 
devote  resources  to  problems  and  needs  relating  to  the 
quality  of  life  rather  than  its  quantity.  Stabilization 
would  "buy  time"  by  slowing  the  pace  at  which 
growth-related  problems  accumulate  and  enhancing 
opportunities  for  the  orderly  and  democratic  working 
out  of  solutions. 

The  Commission  recognizes  that  the  demographic 
implications  of  most  of  our  recommended  pohcies 
concerning  childbearing  are  quite  consistent  with  a  goal 
of  population  stabilization.  In  this  sense,  achievement  of 
population  stabihzation  would  be  primarily  the  result  of 
measures  aimed  at  creating  conditions  in  which  indivi- 
duals, regardless  of  sex,  age,  or  minority  status,  can 
exercise  genuine  free  choice.  This  means  that  we  must 
strive  to  eliminate  those  social  barriers,  laws,  and 
cultural  pressures  that  interfere  with  the  exercise  of  free 
choice  and  that  governmental  programs  in  the  future 
must  be  sensitized  to  demographic  effects."" 

Recognizing  that  our  population  cannot  grow 
indefinitely,  and  appreciating  the  advantages  of  moving 

*A  separate  statement  by  Comnissioner  Paul  B.  Comely,  M.D. 
appears  on  page  149. 


now  toward  the  stabilization  of  population,  the  Com- 
mission recommends  that  the  nation  welcome  and  plan 
for  a  stabilized  population. 

There  remain  a  number  of  questions  which  must  be 
emswered  as  the  nation  follows  a  course  toward  popula- 
tion stabilization.  How  can  stabilization  be  reached?  Is 
there  any  particular  size  at  which  the  population  should 
level  off,  and  when  should  that  occur?  What  "costs" 
would  be  imposed  by  the  various  paths  to  stabilization, 
and  what  costs  are  worth  paying? 

Criteria  for  Paths  to  Stabilization 

An  important  group  in  our  society,  composed 
predominantly  of  young  people,  has  been  much  con- 
cerned about  population  growth  in  recent  years.  Their 
concern  emerged  quite  rapidly  as  the  mounting  pollu- 
tion problem  received  widespread  attention,  and  their 
goal  became  "zero  population  growth."  By  this,  they 
meant  in  fact  stabihzation— bringing  births  into  balance 
with  deaths.  To  attain  their  objective,  they  called  for 
the  2-child  family.  They  recognize,  of  course,  that  many 
people  do  not  marry  and  that  some  who  do  marry  either 
jure  not  able  to  have  or  do  not  want  to  have  children, 
permitting  wide  latitude  in  family  size  and  attainment 
of  the  2-child  average. 

Some  called  for  zero  growth  immediately.  But  this 
would  not  be  possible  without  considerable  disruption 
to  society.  While  there  are  a  variety  of  paths  to  ultimate 
stabilization,  none  of  the  feasible  paths  would  reach  it 
immediately.  Our  past  rapid  growth  has  given  us  so 
many  young  couples  that,  even  if  they  merely  replaced 
themselves,  the  number  of  births  would  still  rise  for 
several  years  before  leveling  off.  To  produce  the  number 
of  births  consistent  with  immediate  zero  growth,  they 
would  have  to  limit  their  childbearing  to  an  average  of 
only  about  one  child.  In  a  few  years,  there  would  be 
only  half  as  many  children  as  there  are  now.  This  would 
have  disruptive  effects  on  the  school  system  and 
subsequently  on  the  number  of  persons  entering  the 
labor  force.  Thereafter,  a  constant  total  population 
could  be  maintained  only  if  this  small  generation  in  turn 
had  two  children  and  their  grandchildren  had  nearly 
three  children  on  the  average.  And  then  the  process 
would  again  have  to  reverse,  so  that  the  overall  effect 
for  many  years  would  be  that  of  an  accordion-like 
continuous  expansion  and  contraction.' 

From  considerations  such  cj>  this,  we  can  begin  to 
develop  criteria  for  paths  toward  population  stabiliza- 
tion.^ It  is  highly  desirable  to  avoid  another  baby  boom. 
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Births,  which  averaged  3.0  million  annually  in  the  early 
1920's,  fell  to  a  2.4  million  average  in  the  1930's,  rose 
to  a  4.2  million  average  in  the  late  1950's  and  early 
1960's,and  fell  to  3.6  million  in  1971.'  These  boom  and 
bust  cycles  have  caused  disruption  in  elementary  and 
high  schools  and  subsequently  in  the  colleges  and  in  the 
labor  market.  And  the  damage  to  the  long-run  career 
aspirations  of  the  baby-boom  generation  is  only 
beginning  to  be  felt. 

The  assimilation  of  the  baby-boom  generation  has 
been  called  "population  peristalsis,"  comparing  it  to  the 
process  in  which  a  python  digests  a  pig.  As  it  moves 
along  the  digestive  tract,  the  pig  make«  a  big  bulge  in  the 
python.  While  the  imagery  suggests  the  appearance  of 
the  baby-boom  generation  as  it  moves  up  the  age  scale 
and  through  the  phases  of  the  life  cycle,  there  is  reason 
to  believe  that  the  python  has  an  easier  time  with  the 
pig  than  our  nation  is  having  providing  training,  jobs, 
and  opportunity  for  the  generation  of  the  baby  boom. 

Thus,  we  would  prefer  that  the  path  to  stabiliza- 
tion involve  a  minimum  of  fluctuations  from  period  to 
period  in  the  number  of  births.  For  the  near  future, 
these  considerations  recommend  a  course  toward  popu- 
lation stabilization  which  would  reduce  the  echo 
expected  from  the  baby-boom  generation  as  it  moves 
through  the  childbearing  ages  amd  bears  children  of  its 
own. 

Our  evidence  also  indicates  that  it  would  be 
preferable  for  the  population  to  stabilize  at  a  lower 
rather  than  a  higher  level.  Our  population  will  continue 
to  grow  for  decades  more  before  stabilizing,  even  if 
those  now  entering  the  ages  of  reproduction  merely 
replace  themselves.  The  population  will  grow  as  the  very 
large  groups  now  eight  to  25  years  of  age— the  products 
of  the  postwar  baby  boom— grow  older  and  succeed 
their  less  numerous  predecessors.  How  much  growth 
there  will  be  depends  on  the  oncoming  generations  of 
young  parents. 

Some  moderate  changes  in  patterns  of  marriage 
and  childbearing  are  necessary  for  any  move  toward 
stabilization.  There  are  obvious  advantages  to  a  path 
which  minimizes  the  change  required  and  provides  a 
reasonable  amount  of  time  for  such  change  to  occur. 

Population  stabilization  under  modem  conditions 
of  mortality  means  that,  on  the  average,  each  pair  of 
adults  will  give  birth  to  two  children.  This  average  can 
be  achieved  in  mjmy  ways.  For  example,  it  can  be 
achieved  by  varying  combinations  of  nonmarriage  or 
childlessness  coexisting  in  a  population  with  substantial 
percentages  of  couples  who  have  more  than  two 
children.  On  several  grounds,  it  is  desirable  that  stabili- 


zation develop  in  a  way  which  encourages  variety  and 
choice  rather  than  uniformity. 

We  prefer,  then,  a  course  toward  population 
stabilization  which  minimizes  fluctuation*  in  the 
number  of  births;  minimizes  further  growth  of  popula- 
tion; minimizes  the  change  required  in  reproductive 
habits  and  provides  adequate  time  for  such  changes  to 
be  adopted;  and  maximizes  variety  and  choice  in  life 
styles,  while  minimizing  pressures  for  conformity. 

An  Illustration  of  an  Optimal  Path 

Our  research  indicates  that  there  are  some  paths 
to  stabilization  that  are  clearly  preferable.  These 
offer  less  additional  population  growth,  involve  negli- 
gible fluctuations  in  births,  provide  for  a  wide  range 
of  family  sizes  within  the  population,  and  exact 
moderate  "costs"— that  is,  changes  in  marriage  and 
childbearing  habits,  which  are  in  the  same  direction 
as  current  trends. 

A  course  such  as  the  following  satisfies  these 
criteria  quite  well."  (The  csdculations  exclude  immigra- 
tion; the  demographic  role  of  immigration  is  reviewed  in 
the  next  chapter.) 

In  this  illustration,  childbearing  would  decline  to  a 
replacement  level  in  20  years.  This  would  result  if: 
(1)  the  proportion  of  women  becoming  mothers 
dechned  from  88  to  80  percent;  (2)  the  proportion  of 
parents  with  three  or  more  children  declined  from  50  to 
41  percent;  and  (3)  the  proportion  of  parents  with  one 
or  two  children  rose  from  50  to  59  percent.  Also  in  this 
illustration,  the  average  age  of  mothers  when  their  first 
child  is  bom  would  rise  by  two  years,  and  the  average 
interval  between  births  would  rise  by  less  than  six 
months.  The  results  of  these  changes  would  be  that  the 
United  States  population  would  gradually  grow  until  it 
stabilizes,  in  approximately  50  years,  at  a  level  of  278 
million  (plus  the  contribution  from  the  net  inflow  of 
immigrants).  Periodic  fluctuations  in  the  number  of 
births  would  be  negligible. 

The  size  of  the  population  in  the  year  2000  will 
depend  both  on  how  fast  future  births  occur  as  well  as 
on  the  ultimate  number  of  children  people  have  over  a 
lifetime.  Over  the  next  10  to  15  years  especially,  we 
must  expect  a  large  number  of  births  from  the 
increasing  numbers  of  potential  parents,  unless  these 
young  people  offset  the  effect  of  their  numbers  by 
waiting  somewhat  before  having  their  children.  Post- 
ponement and  stretching-out  of  childbearing,  accom- 
panied by  a  gradual  decline  in  the  number  of  children 
that  people  have  over  a  lifetime,  can  effectively  reduce 
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the  growth  we  shall  otherwise  experience. 

Beyond  this,  there  are  persuasive  health  and 
personal  reasons  for  encouraging  postponement  of 
childbearing  and  better  spacing  of  births.  Infants  of 
teenage  mothers  are  subject  to  higher  risks  of  premature 
birth,  infant  death,  and  lifetime  physical  and  mental 
disability  than  children  of  mothers  in  their  twenties.*  If 
the  17  percent  of  all  births  occurring  to  teenage  mothers 
were  postponed  to  later  ages,  we  would  see  a  distinct 
improvement  in  the  survival,  health,  and  ability  of  these 
children. 

It  is  obvious  that  the  population  cannot  be 
fine-tuned  to  conform  to  any  specific  path.  The  changes 
might  occur  sooner  or  later  than  in  this  illustration.  If 
they  took  place  over  30  years  instead  of  20  we  should 
expect  nine  million  more  people  in  the  ultimate 
stabilized  population— or  287  million  rather  than  278 
million.  Or  if  the  average  age  at  childbearing  rose  only 
one  year  instead  of  two,  we  would  end  up  with  10 
million  more  people  than  otherwise. 

On  the  other  hand,  suppose  we  drifted  toward  a 
replacement  level  of  fertility  in  50  years  instead  of  20, 
and  none  of  the  other  factors  changed.  In  that  case,  the 
population  would  stabilize  at  330  million.  In  other 
words,  following  this  route  would  result  in  50  million 
more  Americans  than  the  one  illustrated  above. 

The  Likelihood  of  Population  Stabilization 

Many  developments— some  old  amd  some  recent— 
enhance  the  likelihood  that  something  close  to  an 
optimal  path  can  be  realized,  especially  if  the  Commis- 
sion's recommendations  bearing  on  population  growth 
are  adopted  quickly. 

1.  The  trend  of  average  family  size  has  been 
downward— from  seven  or  eight  children  per  family  in 
colonial  times  to  less  than  three  children  in  recent 
years— interrupted,  however,  by  the  baby  boom. 

2.  The  birthrate  has  declined  over  the  past  decade 
and  showed  an  unexpected  further  decline  in  1971. 

3.  The  increasing  employment  of  women,  and  the 
movement  to  expand  women's  options  as  to  occupa- 
tional and  family  roles  and  life  styles,  promise  to 
increase  alternatives  to  the  conventional  role  of 
wife-homemaker-mother, 

4.  Concern  over  the  effects  of  population  growth 
has  been  mounting.  Two-thirds  of  the  general  public 
interviewed  in  the  Commission's  survey  in  1971  felt  that 
the  growth  of  the  United  States  population  is  a  serious 
problem.  Half  or  more  expressed  concern  over  the 
impact  of   population   growth   on   the  use  of  natural 


resources,  on   air  and  water  pollution,  and   on  social 
unrest  and  dissatisfaction.* 

5.  Youthful  marriage  is  becoming  less  common 
than  it  was  a  few  years  ago.  While  20  percent  of  women 
now  in  their  thirties  married  before  age  18,  only  13 
percent  of  the  young  women  are  doing  so  now.''  It 
remains  to  be  seen  whether  this  represents  a  postpone- 
ment of  marriage  or  a  reversal  of  the  trend  toward 
nearly  universal  marriage. 

6.  The  family-size  preferences  of  young  people 
now  entering  the  childbearing  ages  are  significantly 
lower  than  the  preferences  reported  by  their  elders  at 
the  same  stage  in  life. 

7.  The  technical  quality  of  contraceptives  has 
increased  greatly  in  the  past  10  years,  although  irregular 
and  ineffective  use  still  results  in  many  unplanned  and 
unwanted  births. 

8.  The  legalization  of  abortion  in  a  few  states  has 
resulted  in  major  increases  in  the  number  of  legal 
abortions.  The  evidence  so  far  indicates  that  legalized 
abortion  is  being  used  by  many  women  who  would 
otherwise  have  had  to  resort  to  illegal  and  unsafe 
abortions.  The  magnitude  of  its  effect  on  the  birthrate  is 
not  yet  clear.^ 

9.  The  experience  of  many  other  countries 
indicates  the  feasibility  of  sustained  replacement  levels 
of  reproduction.''  Within  the  past  half  century,  Japan, 
England  and  Wales,  France,  Denmark,  Norway,  West 
Germany,  Hungary,  Sweden,  and  Switzerland  have  all 
experienced  periods  of  replacement  or  near-replacement 
fertihty  lasting  a  decade  or  more.  Additional  countries 
have  had  shorter  periods  at  or  near  replacement  levels. 
While  much  of  this  experience  occurred  during  the 
Depression  of  the  1930's,  much  of  it  also  occurred  since 
then.  Furthermore,  during  that  period,  contraceptive 
technology  was  primitive  compjured  to  what  is  available 
today. 

On  the  basis  of  these  facts,  the  nation  might  ask, 
"why  worry,"  and  decide  to  wait  and  see  what  happens. 
Our  judgment  is  that  we  should  not  wait.  Acting  now, 
we  encourage  a  desirable  trend.  Acting  later,  we  may 
find  ourselves  in  a  position  of  trying  to  reverse  an 
undesirable  trend.  We  should  take  advantage  of  the 
opportunity  the  moment  presents  rather  than  wait  for 
what  the  unknown  future  holds. 

The  potential  for  a  repeat  of  the  baby  boom  is  still 
here.  In  ,1975,  there  wiU  be  six  million  more  people  in 
the  prime  childbearing  ages  of  20  to  29  than  there  were 
in  1970.  By  1985,  the  figure  will  have  jumped  still 
another  five  million.  Unless  we  achieve  some  postpone- 
ment of  childbearing  or  reduction  in  average  family  size. 
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this  is  going  to  mean  substantial  further  increases  in  the 
number  of  births.'" 

Furthermore,  although  we  discern  many  favorable 
elements  in  recent  trends,  there  are  also  unfavorable 
elements  which  threaten  the  achievement  of  stabiliza- 
tion. 

1.  For  historical  reasons  which  no  longer  apply, 
this  nation  has  an  ideological  addiction  to  growth. 

2.  Our  social  institutions,  including  many  of  our 
laws,  often  exert  a  pronatalist  effect,  even  if  inad- 
vertent." This  includes  the  images  of  family  life  and 
women's  roles  projected  in  television  programs;  the 
child-saves-marriage  theme  in  women's  magazines;'^  the 
restrictions  on  the  availability  of  contraception,  sex 
education,  and  abortion;  and  many  others. 

3.  There  is  an  unsatisfactory  level  of  understand- 
ing of  the  role  of  sex  in  human  life  and  of  the 
reproductive  process  and  its  control. 

4.  While  the  white  middle-class  majority  bears  the 
primary  numerical  responsibility  for  population  growth, 
it  is  also  true  that  the  failure  of  our  society  to  bring 
racial  minorities  and  the  poor  into  the  mainstream  of 
American  life  has  impaired  their  ability  to  implement 
small-family  goals. 

5.  If  it  should  happen  that,  in  the  next  few  years, 
our  rate  of  reproduction  falls  to  replacement  levels  or 
below,  we  could  experience  a  strong  counterreaction.  In 
the  United  States  in  the  1930's,  and  in  several  foreign 
countries,  the  response  to  subreplacement  fertility  has 
been  a  cry  of  anxiety  over  the  national  prosperity, 
security,  and  virility.  Individual  countries  have  found  it 
hard  to  come  to  terms  with  replacement-level  fertility 
rates. '^  About  40  years  ago  during  the  Depression,  there 
was  great  concern  about  "race  suicide"  when  birthrates 
fell  in  Western  Europe  and  in  this  country.  Indeed,  an 
admonition  against  unwarranted  countermeasures  was 
issued  in  1938  by  the  Committee  on  Population 
Problems  of  the  National  Resources  Committee: 
".  .  .there  is  no  occasion  for  hysteria.  .  .  .  There  is  no 
reason  for  the  hasty  adoption  of  any  measures  designed 
to  stimulate  population  growth  in  this  country."'^ 
Today,  several  countries  approaching  stabilization  have 
expressed  concerns  about  possible  future  labor 
shortages.  The  growth  ethic  seems  to  be  so  imprinted  in 
human  consciousness  that  it  takes  a  deliberate  effort  of 
rationality  and  will  to  overcome  it,  but  that  effort  is 
now  desirable. 

One  purpose  of  this  report  and  the  programs  it 
recommends  is  to  prepare  the  American  people  to 
welcome  a  replacement  level  of  reproduction  and  some 
periods  of  reproduction  below  replacement.  The  nation 


must  face  the  fact  that  achieving  population  stabiliza- 
tion sooner  rather  than  later  would  require  a  period  of 
time  during  which  annual  fertility  was  below  replace- 
ment. During  the  transition  to  stabilization,  the  post- 
ponement of  childbearing  would  result  in  annual 
fertility  rates  dropping  below  replacement,  even  though, 
over  a  lifetime,  the  childbearing  of  the  parents  would 
reach  a  replacement  level. 

In  the  long-run  future,  we  should  understand  that  a 
stabilized  population  means  an  average  of  zero  growth, 
and  there  would  be  times  when  the  size  of  the 
population  declines.  Indeed,  zero  growth  can  only  be 
achieved  realistically  with  fluctuations  in  both  direc- 
tions. We  should  prepare  ourselves  not  to  react  with 
alarm,  as  some  other  countries  have  done  recently,  when 
the  distant  possibility  of  population  decUne  appears. 
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Compilation  of  Recommendations 


Population  Education 


In  view  of  the  important  role  that  education  can  play  in  developing  an  understanding  of 
the  causes  and  consequences  of  population  growth  and  distribution,  the  Commission 
recommends  enactment  of  a  Population  Education  Act  to  assist  school  systems  in  establishing 
well-planned  population  education  programs  so  that  present  and  future  generations  will  be 
better  prepared  to  meet  the  challenges  arising  from  population  change. 

To  implement  such  a  program,  the  Commission  recommends  that  federal  funds  be 
appropriated  for  teacher  training,  for  curriculum  development  and  materials 
preparation,  for  research  and  evaluation,  for  the  support  of  model  programs,  and 
for  assisting  stale  departments  of  education  to  develop  competence  and  leadership 
in  population  education. 


Sex  Education 


Recognizing  the  importance  of  human  sexuality,  the  Commission  recommends  that  sex 
education  be  available  to  all,  and  that  it  be  presented  in  a  responsible  manner  through 
community  organizations,  the  media,  and  especially  the  schools. 


Child  Care 


Children  Born 
Out  of  Wedlock 


The  Commission  recommends  tliat  both  public  and  private  forces  join  together  to  assure 
that  adequate  child-care  services,  including  health,  nutritional,  and  educational  components,  are 
available  to  families  who  wish  to  make  use  of  them. 

Because  child-care  programs  represent  a  major  innovation  in  child-rearing  in  this 
country,  we  recommend  that  continuing  research  and  evaluation  be  undertaken  to 
determine  the  benefits  and  costs  to  children,  parents,  and  the  public  of  alternative 
child-care  arrangements. 

The  Commission  recommends  that  all  children,  regardless  of  the  circumstances  of  their 
birth,  be  accorded  fair  and  equal  status  socially,  morally,  and  legally. 

The  Commission  urges  research  and  study  by  the  American  Bar  Association,  the 
American  Law  Institute,  and  other  interested  groups  leading  to  revision  of  those 
laws  and  practices  which  result  in  discrimination  against  out-of-wedlock  children. 
Our  end  objective  should  be  to  accord  fair  and  equal  treatment  to  all  children. 


Adoption 


The  Commission  recommends  clianges  in  attitudes  and  practices  to  encourage  adoption 
thereby  benefiting  children,  prospective  parents,  and  society. 

To  implement  this  goal,  the  Commission  recommends: 

Further  subsidization  of  families  qualified  to  adopt,  but  unable  to  assume  the  full 
financial  cost  of  a  child's  care. 

A  review  of  current  laws,  practices,  procedures,  and  regulations  which  govern  the 
adoptive  process. 


Equal  Rights 
for  Women 


The  Commission  recommends  that  the  Congress  and  the  states  approve  the  proposed  Equal 
Rights  Amendment  and  that  federal,  state,  and  local  governments  undertake  positive  programs 
to  ensure  freedom  from  discrimination  based  on  sex. 
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Contraception  and 
the  Law 


The  Commission  recommends  thai:  (I)  stales  eliminate  existing  legal  inhibitions  and 
restrictions  on  access  to  contraceptive  information,  procedures,  and  supplies:  and  (2)  states 
develop  statutes  affirming  the  desirability  that  all  persons  have  ready  and  practicable  access  to 

contraceptive  information,  procedures,  and  supplies. 


Contraception  and 
Minors 


Voluntary  Sterilization 


The  Commission  recommends  that  states  adopt  affirmative  legislation  which  will  permit 
minors  lo  receive  contraceptive  and  prophylactic  information  and  services  in  appropriate 
settings  sensitive  to  their  needs  and  concerns. 

To  implement  this  policy,  the  Commission  urges  that  organizations,  such  as  the 
Council  on  State  Governments,  the  American  Law  Institute,  and  the  American  Bar 
Association,  formulate  appropriate  model  statutes. 

In  order  to  permit  freedom  of  choice,  the  Commission  recommends  that  all  administrative 
restrictions  on  access  to  voluntary  contraceptive  sterilization  be  eliminated  so  that  the  decision 
be  made  solely  by  physician  and  patient. 

To  implement  this  policy,  we  recommend  that  national  hospital  and  medical 
associations,  and  their  state  chapters,  promote  the  removal  of  existing  restrictions. 


Abortion 


With  the  admonition  that  abortion  not  be  considered  a  primary  means  of  fertility  control, 
the  Commission  recommends  that  present  state  laws  restricting  abortion  be  liberalized  along  the 
lines  of  the  New  York  statute,  such  abortion  to  be  performed  on  request  by  duly  licensed 
physicians  under  conditions  of  medical  safety. 

In  carrying  out  this  policy,  the  Commission  recommends: 

That  federal,  state,  and  local  governments  make  funds  available  to  support  abortion 
services  in  states  with  liberalized  statutes. 

That  abortion  be  specifically  included  in  comprehensive  health  insurance  benefits, 
both  public  and  private. 


Methods  of 
Fertility  Control 


The  Commission  recommends  that  this  nation  give  the  highest  priority  to  research  in 
reproductive  biology  and  to  the  search  for  improved  methods  by  which  individuals  can  control 
their  own  fertility. 

In  order  to  carry  out  this  research,  the  Commission  recommends  thai  the  full  $93 
million  authorized  for  this  purpose  in  fiscal  year  1973  he  appropriated  and 
allocated,  thai  federal  expenditures  for  these  purposes  rise  to  a  minimum  of  $150 
million  by  1975:  and  that  private  organizations  continue  and  expand  their  work  in 
this  field. 


Fertility  Related 
Health  Services 


The  Commission  recommends  a  national  policy  and  voluntary  program  to  reduce  unwanted 
fertility,  to  improve  the  outcome  of  pregnancy,  and  to  improve  the  health  of  children. 

In   order   to   carry   out  such  a  program,  public  and  private  health  financing 
mechanisms  should  begin  paying  the  full  cost  of  all  health  services  related  to 
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ferlility,  including  cotitraceptive,  prenatal,  delivery,  and  postpartum  services; 
pediatric  care  for  the  first  year  of  life:  voluntary  sterilization:  safe  termination  of 
urui'anted  pregnane)^  artd  medical  treatment  of  infertility:. 


Personnel  Training  and 
Delivery  of  Services 


KV  recommend  creation  of  programs  to  (I)  train  doctort.  nurses,  and  para- 
professionals,  including  indigenous  personnel,  in  the  provision  of  all  fertility-related 
health  services:  (2)  develop  new  patterns  for  the  utilization  of  professional  and 
paraprofessional  personnel:  and  (S)  evaluate  improved  methods  of  organizing  the 
delivery  of  these  services. 


Family  Planning 
Services 


The  Commission  recommends:  (1)  new  legislation  extending  the  current  family 
planning  project  grant  program  for  five  years  beyond  fiscal  year  1973  and  providing 
additional  authorizations  to  reaih  a  federal  funding  level  of  $225  million  in  fiscal 
year  1973,  $275  million  in  fiscal  year  1974.  $325  million  in  fiscal  year  1975,  and 
$400  million  thereafter:  (2)  extension  of  the  family  planning  project  grant 
authority  of  Title  V  of  the  Social  Security  Act  beyond  1972,  and  maintenance  of 
the  level  of  funding  at  approximately  $30  million  annually:  and  (3)  maintenance  of 
the  Title  II OEO  program  at  current  levels  of  authorization. 


Services  for 
Teenagers 


Toward  the  goal  of  reducing  unwanted  pregnancies  and  childbearing  among  the 
young,  the  Commission  recommends  that  birth  control  information  and  services  be 
made  available  to  teenagers  in  appropriate  facilities  sensitive  to  their  needs  and 
concerns. 

The  Commission  recommends  the  development  and  implementation  of  an 
adequately  fmanced  program  to  develop  appropriate  family  planning  materials,  to 
conduct  training  courses  for  teachers  and  school  administrators,  and  to  assist  states 
and  local  communities  in  integrating  information  about  family  planning  into  school 
courses  such  as  hygiene  and  sex  education. 


Population 
Stabilization 


Recognizing  that  our  population  cannot  grow  indefinitely,  and  appreciating  the  advantages 
of  moving  now  toward  the  stabilization  of  population,  the  Commission  recommends  that  the 
nation  welcome  and  plan  for  a  stabilized  population. 


Illegal  Aliens 


The  Commission  recommends  that  Congress  immediately  consider  the  serious  situation  of 
illegal  immigration  and  pass  legislation  which  will  impose  civil  and  criminal  sanctions  on 
employers  of  illegal  border-crossers  or  aliens  in  an  immigration  status  in  which  employment  is 
not  authorized. 

To  implement  this  policy,  the  Commission  recommends  provision  of  increased  and 
strengthened  resources  consistent  with  an  effective  enforcement  program  in 
appropriate  agencies. 


Immigration 


The  Commission  recommends  that  immigration  levels  not  be  increased  and  that 
immigration  policy  be  reviewed  periodically  to  reflect  demographic  conditions  and 
considerations. 
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To  implement  this  policy,  the  Commission  recommends  that  Congress  require  the 
Bureau  of  the  Census,  in  coordination  with  the  Immigration  and  Naturalization 
Service,  to  report  biennially  to  the  Congress  on  the  impact  of  immigration  on  the 
nation 's  demographic  situation. 


National 
Distribution  and 
Migration 
Policies 


The  Commission  recommends  that: 

The  federal  government  develop  a  set  of  national  population  distribution  guidelines  to 
serve  as  a  framework  for  regional,  state,  and  local  plans  and  development. 

Regional,  state,  and  metropolitan-wide  governmental  authorities  take  the  initiative,  in 
cooperation  with  local  governments,  to  conduct  needed  comprehensive  planning  and  action 
programs  to  achieve  a  higher  quality  of  urban  development. 

The  process  of  population  movement  be  eased  and  guided  in  order  to  improve  access  or 
opportunities  now  restricted  by  physical  remoteness,  immobility,  and  inadequate  skills, 
information,  and  experience. 

Action  be  taken  to  increase  freedom  in  choice  of  residential  location  through  the 
elimination  of  current  patterns  of  racial  and  economic  segregation  and  their  attendant 
injustices. 


Guiding  Urban 
Expansion 


To  anticipate  and  guide  future  urban  growth,  the  Commission  recommends 
comprehensive  land-use  and  public-facility  planning  on  an  overall  metropolitan  and 
regional  scale. 

The  Commission  recommends  that  governments  exercise  greater  control  over 
land-use  planning  and  development. 


Racial  Minorities 
and  the  Poor 


To  help  dissolve  the  territorial  basis  of  racial  polarization,  the  Commission 
recommends  vigorous  and  concerted  steps  to  promote  free  choice  of  housing  within 
metropolitan  areas. 

To  remove  the  occupational  sources  of  racial  polarization,  the  Commission 
recommends  the  development  of  more  extensive  human  capital  programs  to  equip 
black  and  other  deprived  minorities  for  fuller  participation  in  economic  life. 

To  reduce  restrictions  on  the  entry  of  low-  and  moderate-income  people  to  the 
suburbs,  the  Commission  recommends  that  federal  and  state  governments  ensure 
provision  of  more  suburban  housing  for  low-  and  moderate-income  families. 

To  promote  a  more  racially  and  economically  integrated  society,  the  Commission 
recommends  tliat  actions  be  taken  to  reduce  the  dependence  of  local  Jurisdictions 
on  locally  collected  property  taxes. 


Depressed 
Rural  Areas 


To  improve  the  quality  and  mobility  potential  of  individuals,  the  Commission 
recommends  that  future  programs  for  declining  and  chronically  depressed  rural 
areas  emphasize  human  resource  development. 

To  enhance  the  effectiveness  of  migration,  the  Commission  recommends  that 
programs  be  developed  to  provide  worker-relocation  counseling  and  assistance  to 
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enable  an  individual  to  relocate  with  a  minimum  of  risk  and  disruption. 

To  promote  the  expansion  of  job  opportunities  in  urban  places  located  within  or 
near  declining  areas  and  having  a  demonstrated  potential  for  future  growth,  the 
Commission  recommends  the  development  of  a  growth  center  strategy. 


Institutional  Responses 


The  Commission  recommends  the  establishment  of  state  or  regional  development 
corporations  which  would  have  the  responsibility  and  the  necessary  powers  to 
implement  comprehensive  development  plans  either  as  a  developer  itself  or  as  a 
catalyst  for  private  development. 


Population  Statistics 
and  Research 


The  Commission  recommends  that  the  federal  government  move  promptly  and  boldly  to 
strengthen  the  basic  statistics  and  research  upon  which  all  sound  demographic,  social,  and 
economic  policy  must  ultimately  depend,  by  implementing  the  following  specific  improvements 
in  these  programs. 


Vital  Statistics 
Data 


The  Commission  recommends  that  the  National  Center  for  Health  Statistics 
improve  the  timeliness  and  the  quality  of  data  collected  with  respect  to  birth, 
death,  marriage,  and  divorce. 


Enumeration  of 
Special  Groups 


The  Commission  recommends  that  the  federal  government  support,  even  more 
strongly,  the  Census  Bureau  s  efforts  to  improve  the  completeness  of  our  census 
enumeration,  especially  of  minority  groups,  ghetto  populations,  and  alt  unattached 
adults,  especially  males,  who  are  the  least  well  counted. 


International 
Migration 


The  Commission  recommends  that  a  task  force  be  designated  under  the  leadership 
of  the  Office  of  Management  and  Budget  to  devise  a  program  for  the  development 
of  comprehensive  immigration  and  emigration  statistics,  and  to  recommend  ways  in 
which  the  records  of  the  periodic  alien  registrations  should  be  processed  to  provide 
information  on  the  distribution  and  characteristics  of  aliens  in  the  United  States. 


The  Current 

Population 

Survey 


The  Commission  recommends  that  the  government  provide  substantial  additional 
support  to  the  Current  Population  Survey  to  improve  the  area  identification  of 
those  interviewed  and  to  permit  special  studies,  utilizing  enlarged  samples,  of 
demographic  trends  in  special  groups  of  the  population. 


Statistical  Reporting  of 
Family  Planning  Services 


The  Commission  recommends  the  rapid  development  of  comprehensive  statistics  on 
family  planning  services. 


National  Survey  of 
Family  Growth 


The  Commission  recommends  program  support  and  continued  adequate  financial 
support  for  the  Family  Growth  Survey  as  almost  the  first  condition  for  evaluating 
the  effectiveness  of  national  population  policies  and  programs. 


599 


Distribution  of 
Government  Data 


The  Commission  recommends  that  the  various  statistical  agencies  seek  to  maximize 
the  public  usefulness  of  the  basic  data  by  making  identity-free  tapes  available  to 
responsible  research  agencies. 


Mid-Decade  Census 


The  Commission  recommends  thai  the  decennial  census  be  supplemented  by  a 
mid-decade  census  of  the  population. 


Statistical  Use  of 

Administrative 

Records 


The  Commission  recommends  that  the  government  give  high  priority  to  studying 
the  ways  in  which  federal  administrative  records,  notably  those  of  the  Internal 
Revenue  Service  and  Social  Security  Administration,  could  be  made  more  useful  for 
developing  statistical  estimates  of  local  population  and  internal  migration. 


Intercensal  Population 
Estimates 


The  Commission  recommends  that  the  government  provide  increased  funding, 
higher  priority,  and  accelerated  development  for  all  phases  of  the  Census  Bureau 's 
program  for  developing  improved  intercensal  population  estimates  for  states  and 
local  areas. 


Social  and  Behavioral 
Research 


The  Commission  recommends  that  substantial  increases  in  federal  funds  be  made 
available  for  social  and  behavioral  research  related  to  population  growth  and 
distribution,  and  for  the  support  of  nongovernmental  population  research  centers. 


Research  Program  in 
Population  Distribution 


The  Commission  recommends  that  a  research  program  in  population  distribution  be 
established,  preferably  within  the  proposed  Department  of  Community 
Development,  funded  by  a  small  percentage  assessment  on  funds  appropriated  for 
relevant  federal  programs. 


Federal  Government 
Population  Research 


The  Commission  recommends  that  the  federal  government  foster  the  "in-house" 
research  capabilities  of  its  own  agencies  to  provide  a  coherent  institutional  structure 
for  improving  population  research. 


Support  for 
Professional  Training 


The  Commission  recommends  that  support  for  training  in  the  social  and  behavioral 
aspects  of  population  be  exempted  from  the  general  freeze  on  training  funds, 
permitting  government  agencies  to  support  programs  to  train  scientists  specializing 
in  this  field. 


Organizational 
Changes 


The  Commission  recommends  that  organizational  changes  be  undertaken  to  improve  the 
federal  government 's  capacity  to  develop  and  implement  population-related  programs:  and  to 
evaluate  the  interaction  between  public  policies,  programs,  and  population  trends. 


Office  of  Population 
Affairs,  Department  of 
Health,  Education 
and  Welfare 


The  Commission  recommends  that  the  capacity  of  the  Department  of  Health, 
Education  and  Welfare  in  the  population  field  be  substantially  increased  by 
strengthening  the  Office  of  Population  Affairs  and  expanding  its  staff  in  order  to 
augment  its  role  of  leadership  within  the  Department. 


600 


National  Institute 
of  Population 
Sciences 


The  Commission  recommends  the  establishment ,  within  the  National  Institutes  of 
Health,  of  a  National  Institute  of  Population  Sciences  to  provide  an  adequate 
institutional  framework  for  implementing  a  greatly  expanded  program  of 
population  research. 


Department  of 

Community 

Development 


The  Commission  recommends  that  Congress  adopt  legislation  to  establish  a 
Department  of  Community  Development  and  that  this  Department  undertake  a 
program  of  research  on  the  interactions  of  population  growth  and  distribution  and 
the  programs  it  administers. 


Office  of 
Population 
Growth  and 
Distribution 


The  Commission  recommends  the  creation  of  an  Office  of  Population  Growth  and 
Distribution  within  the  Executive  Office  of  the  President. 

The  Commission  recommends  the  immediate  addition  of  personnel  with 
demographic  expertise  to  the  staffs  of  the  Council  of  Economic  Advisers,  the 
Domestic  Council,  the  Council  on  Environmental  Quality,  and  the  Office  of  Science 
and  Technology. 


Council  of 
Social  Advisers 


The  Commission  recommends  that  Congress  approve  pending  legislation  estab- 
lishing a  Council  of  Social  Advisers  and  that  this  Council  have  as  one  of  its  main 
functions  the  monitoring  of  demographic  variables. 


Joint  Committee 
on  Population 


In  order  to  provide  improved  legislative  oversight  of  population  issues,  the 
Commission  recommends  that  Congress  assign  to  a  joint  committee  responsibility 
for  specific  review  of  this  area. 


State  Population 
Agencies  and 
Commissions 


The  Commission  recommends  that  slate  governments,  either  through  existing 
planning  agencies  or  through  new  agencies  devoted  to  this  purpose,  give  greater 
attention  to  the  problems  of  population  growth  and  distribution. 


Private  Efforts  and 
Population  Policy 


The  Commission  recommends  timt  a  substantially  greater  effort  focusing  on 
policy-oriented  research  and  analysis  of  population  in  the  United  States  be  carried 
forward  through  appropriate  private  resources  and  agencies. 
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Separate  Statements 


Separate  Statement  of  Marilyn  Brant  Chandler 

Beyond  my  own  personal  feelings,  1  oppose  open 
abortion  on  demand  and  support  limited  therapeutic 
abortion  laws  for  the  following  reasons: 

1.  The  Commission  report  does  stress  that  abor- 
tion should  not  be  a  substitute  for  birth  control,  but  has 
not  intimated  that  liberal  abortion  takes  the  responsi- 
bility away  from  sexual  activity.  Impulsive,  irresponsible 
sexual  involvement  can  be  rationalized  without  fear  of 
pregnancy  if  abortion  is  open,  legal,  Eind  free. 

2.  My  pragmatic  feeling  is  that  the  United  States  is 
not  ready  for  abortion  on  demand  because: 

Government  agencies  and  politicians  shy  away 
from  the  issue. 

Fifty  states  have  50  differing  laws,  though 
this  is  wrong,  for  laws  should  be  uniform 
across  the  nation.  These  differing  laws  will 
take  a  long  time  to  change.  States  will  adopt  a 
therapeutic  law  before  adopting  an  open  law. 

Abortion  is  still  a  major  moral  issue. 

Our  Commission's  public  opinion  poll  indi- 
cates that,  though  50  percent  were  pro- 
abortion  on  a  patient-to-doctor  relationship, 
the  other  half  approves  it  not  at  all  or 
half-heartedly. 

Title  X  of  the  Public  Health  Service  Act  and 
the  Economic  Opportunity  Family  Planning 
Act  will  not  fund  or  support  abortion. 

Conflicting  state  and  federal  court  interpreta- 
tions on  the  legal  right  of  a  fetus  will  not  be 
resolved  until  a  nationwide  law  or  court 
decision  is  passed. 

Until  public  opinion  conclusively  fights  the  strong 
groups  opposing  open  abortion,  the  American  Law 
Institute  model  presents  a  more  acceptable  alternative 
than  open  abortion.  This  model,  admittedly,  has  defi- 
ciencies in  defining  the  mental  health  of  a  woman  or  in 
its  egalitarian  selection.  However,  I  advocate  therapeutic 
abortion  on  the  basis  that:  (1)  abortion  is  a  decision 
between  woman  and  physician;  (2)  it  is  approved  by  a 
hospital  committee;  (3)  it  is  performed  in  a  hospital  or 
accredited  chnic;  and  (4)  the  limit  for  the  gestation 
period  does  not  exceed  18  weeks. 


Separate  Statennents  of  Paul  B.  Cornely,  M.D.' 
Legal  Impediments  for  Minors 

The  recommendation  that  contraceptive  informa- 
tion and  services  be  made  available  to  minors  is  indeed 
objectionable  when  it  is  applied  to  all  minors.  There  is 
no  question  that  this  should  be  so  in  reference  to  those 
who  are  acknowledged  to  be  emancipated  minors,  such 
as  married  teenagers  or  self-supported  ones  who  may  be 
living  within  or  outside  their  parents'  home.  In  this 
instance,  the  sjune  guidelines  and  safeguards  which  have 
been  noted  for  family  planning  services  should  apply.  It 
should  be  voluntary,  with  due  consideration  given  to  the 
religious  beliefs  and  culture  of  the  individual;  supporting 
services  such  as  counseling  and  social  service  should  be 
available;  emphasis  on  privacy,  consideration  and  the 
dignity  of  the  individual  should  be  always  present;  and 
there  should  be  ease  of  accessibility  for  everyone. 

On  the  other  hand,  when  we  as  a  society  accept  the 
responsibility  of  giving  contraceptive  advice  and  services 
to  those  who  are  minors  living  in  a  family  unit,  then  we 
are  striking  at  the  foundation  and  roots  of  family  life, 
which  are  eilready  weakened  by  our  misuse  of  affluence 
and  technology.  First  of  all,  it  should  be  stated  that  the 
age  of  menarche  or  beginning  of  menstruation  is 
continually  going  downwards,  so  that  today  it  is  about 
12.5  years.  The  implications  of  this  are  indeed  obvious 
and  need  not  be  belabored.  What  is  of  greater  impor- 
tance is  that  our  society  has  the  responsibility  to 
provide  the  kind  of  family  life,  education,  neighbor- 
hood, recreational  facilities,  and  creative  outlets  which 
would  make  it  possible  for  all  minors  to  live  in  an 
environment  which  would  be  conducive  to  the  growth 
and  development  of  the  child  which  is  due  him.  If  this 
affluent  society  cannot  do  this,  then  it  has  failed 
miserably  and  does  not  deserve  to  continue  to  exist. 
Contraceptive  approach  to  minors  is  the  cheapest  and 
most  irresponsible  way  for  our  society  to  solve  this 
problem. 

Abortion 

The  majority's  recommendation  that  a  nationwide 
abortion-on-demand  law  modeled  after  the  New  York 
State  statute  be  adopted  cannot  be  supported.  Abortion 
in  the  opinion  of  this  Commissioner  is  destruction  of 
human  life  since  it  kills  the  fetus;  and  society  through 


*See   also   concurrence   with   statement   of  Commissioner   Otis 
Dudley  Duncan  on  page  153. 
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its  laws  has  a  responsibility  to  protect  all  human  life. 
Support  for  this  concern  can  best  be  expressed  by 
discussing  some  of  the  issues  raised  in  this  section. 

The  Law:  The  argumentative  posture  of  these 
paragraphs  is  exclusively  that  of  the  pro-abortionists, 
namely,  that  abortion  legislation  has  been  no  more  than 
a  health  measure  postulated  on  the  welfare  of  the 
mother  only.  This  section  of  the  report  does  not  even 
make  an  attempt  to  provide  a  legal  accounting  for  the 
unborn  developing  child. 

The  Moral  Question:  This  section  of  the  report 
proposes  that  only  one  moral  principle  be  the  control- 
ling factor  in  the  abortion  situation:  the  woman's 
freedom  to  reproduce.  Such  moralistic  monism,  simplis- 
tic as  it  is,  at  bottom  fails  to  consider  the  freedom  of 
the  unborn  child^to  live.  Overall,  the  arguments  of  this 
section  would  make  some  sense  if  the  topic  was  a 
woman's  right  to  use  preventive  contraceptive  methods. 

For  all  its  language  about  moral  sensitivities,  the 
text  seems  completely  oblivious  of  the  fact,  much  less 
the  implications,  of  defining  a  segment  of  humanity  as 
"unwanted."  The  Commission  does  not  face  the 
question:  What  does  it  mean  as  public  policy  to 
legitimate  the  destruction  of  "unwanted  children"? 

Public  Health:  The  report  overrates  the  problems 
of  illegal  abortions  as  much  as  it  overrates  the  feasibility 
of  unrestricted  abortion  laws  to  solve  what  problems 
there  really  are.  Most  of  the  data  cited  in  this  section  of 
the  report  come  from  New  York  City,  and  are  based  on 
a  hmited  experience.  This  is  concerned  almost  exclu- 
sively with  the  short-range  effects  of  abortion  on  the 
mother's  health  (at  that,  there  is  no  way  of  following  up 
on  the  out-of-staters).  The  data  from  Russia,  Eastern 
Europe,  and  Japan  on  the  negative  long-range  effects  of 
abortion  on  a  woman's  reproductive  system  are  ignored. 

It  also  should  be  noted  that  the  overall  maternal 
death  rate,  even  with  the  presence  of  restrictive  abortion 
laws,  has  been  steadily  declining  for  years.  The  role  of 
positive  maternal  health  care  has  been  overlooked. 

The  complete  failure  to  consider  even  the  massive 
destruction  of  developing  fetal  life  as  some  kind  of 
balancing  factor  in  public  health  is  but  an  indictment  of 
the  myopic  point  of  view  of  this  section. 

Family  Planning:  The  report  ignores  the  evidence 
in  England,  Japan,  and  the  Eastern  European  countries 
that  the  easy  availability  of  abortion  destroys  motiva- 
tion to  have  consistent  recourse  to  preventive  contra- 
ception methods.  As  the  text  reads,  the  Commission 
would  be  saying  that  it  believes  that  the  transition  from 
the  abortion  mentality  to  the  preventive  contraceptive 
mentality  could  be  achieved  by  the  simple  presence  of 


adequate  contraceptive  technology.  If  such  would  be 
the  case,  this  would  be  the  first  time  in  human  history 
that  technology  has  ever  solved  a  specifically  human 
problem.  This  faith  in  technology  is  hardly  justified, 
either  historically  as  regards  technology  or  specifically 
as  regards  family  planning. 

Demographic  Context:  It  is  highly  ironic  that  a 
Commission  concerned  with  population  poiicy  should 
settle  for  the  kind  of  scattered  information  that  is 
available  regarding  the  demographic  impact  of  abortion, 
yet  would  recommend  unrestricted  abortion  as  public 
policy.  In  this  section,  the  Commission  practically 
writes  off  the  demographic  impact  of  abortion  as  a 
significant  issue  for  the  United  States. 

Population  Stabilization 

This  Commissioner  is  one  who  identifies  with  the 
third  position  in  Chapter  1  and  firmly  believes  that 
population  growth  is  indeed  not  the  major  problem  in 
our  society  and  that,  of  more  import,  is  the  need  for  a 
radical  rearrangement  of  our  values  and  priorities  as  well 
as  the  relationship  of  man  to  himself,  of  men  to  each 
other,  and  to  the  earth  from  which  we  sprang.  As  Rene 
Dubos  stated  in  a  speech  which  he  made  before  the 
Smithsoniem  Institution  on  October  2,  1969,  entitled 
"Theology  of  the  Earth,"  the  first  chapter  of  Genesis 
tells  man  and  woman  to  replenish  the  earth  and  subdue 
it;  but  of  more  importance  is  the  second  chapter 
wherein  man  is  instructed  to  dress  and  keep  the  land. 
This  means  that  man  must  be  concerned  with  what 
happens  to  the  land  and  its  resources. 

It  is  of  particular  importance  to  keep  this  in  mind 
because,  many  times  throughout  the  Report  of  the 
Commission,  the  need  to  speak  in  terms  of  statistics 
about  people,  rather  than  about  people  themselves,  may 
leave  the  impression  that  human  beings  are  looked  upon 
as  things  or  chattel  which  can  be  equated  in  terms  of 
numbers  or  quantities;  what  it  costs  to  produce  them; 
what  is  the  supply  and  demand;  and  how  they  can  be 
moved  or  rearranged. 

This  then  brings  me  to  the  recommendation  of  this 
chapter  on  population  stabilization.  I  voted  for  it,  but  I 
would  not  want  anyone  to  believe  that  the  phrase,  "the 
Commission  recommends  that  the  nation  welcome  and 
plan  for  a  stabilized  population,"  is  intended  to  mean 
that  I  would  support  any  nationsd  or  state  governmental 
policy  or  regulation  which  would  in  any  way  interfere 
with  the  desires,  aspirations,  and  needs  of  any  family 
concerning  its  size  or  number.  For  our  government  to 
interfere   with   this  sacred  trust  given  to  each  family 
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would  be  to  bring  Orwell's  1984  prediction  closer  to 
reality.  My  intent  is  expressed  by  the  following 
statement  of  goals  by  the  Commission:  ...creating 
social  conditions  wherein  the  desired  values  of  individ- 
uals, families,  and  communities  can  be  realized; 
equalizing  social  and  economic  opportunities  for  women 
and  members  of  disadvantaged  minorities;  and 
enhancing  the  potential  for  improving  the  quality  of 
life. 


Separate  Statements  of  Alan  Cranston 

I  agree  with  most  of  the  views  expressed  in  the 
final  version  of  the  Commission  Report.  Many  of  my 
early  concerns  over  specific  portions  of  prior  drafts  were 
ehminated  in  later  revisions.  But,  as  with  the  other 
Commissioners,  my  concurrence  in  this  Report  should 
not  be  interpreted  as  meaning  that  1  necessarily  agree 
with  every  statement  or  always  with  the  wording 
chosen.  I  do  want  to  make  the  following  comments  on 
the  views  expressed  by  the  Commission  on  a  few 
specific  substantive  points. 

Resources  and  the  Environment 

I  agree  with  the  conclusion  reached  in  this  chapter 
that  a  lessening  of  population  growth  will  buy  us  some 
time  in  the  struggle  to  maintain  a  livable  biosphere.  The 
Commission's  mandate  was  to  study  the  effect  of 
population  growth  on  our  environment  and  natural 
resources,  and  the  models  on  which  its  studies  were 
based  emphasize  the  population  factor.  Those  reading 
the  Report  should  keep  this  in  mind. 

The  Report  argues  that  continued  population 
growth  inevitably  speeds  up  the  depletion  of  natural 
resources  and  requires  rapid  technological  devel- 
opment—to meet  the  ever-increasing  demand  for  goods 
and  services— all  of  which  increase  environmental  pollu- 
tion. 

Proceeding  from  this  assumption,  the  Report 
attempts  to  show  the  impact  of  population  on  the 
environment  by  "using  a  quantitative  model  which 
shows  the  demand  for  resources  and  the  pollution  levels 
associated  with  different  rates  of  economic  and  popula- 
tion growth."  If  the  Commission's  use  of  this  quanti- 
tative model— appropriate  for  the  Commission's 
function — were  to  be  misunderstood,  unintended  and 
unjustified  conclusions  could  be  drawn  from  it  about 
the  Commission's  view  of  the  relationship  between 
population  growth  and  environmental  degradation. 


This  bears  clarification,  for,  in  The  Closing  Circle, 
Barry  Commoner  comments  on  the  danger  of  this  kind 
of  approach  to  the  environmental  problem: 

This  approach,  it  seems  to  me,  is  equivalent  to 
attempting  to  save  a  leaking  ship  by  lightening 
the  load  and  forcing  passengers  overboard. 
One  is  constrained  to  ask  if  there  isn't 
something  radically  wrong  with  the  ship. 

His  point  is  well  taken. 

Population  pressures  did  not  lead  soap  manu- 
facturers to  switch  to  detergents. 

Population  pressures  did  not  lead  farmers  to  the 
use  of  pesticides  and  chemical  fertilizers. 

Population  pressures  did  not  lead  our  cities  to  the 
abandonment  of  public  transit  systems  nor  to  our 
public's  dependence  on  the  private  automobile. 

Population  pressures  did  not  develop  the  too-big 
and  too-powerful  American  automobile. 

Population  pressures  did  not  bring  about  the 
switch  to  flip-top  beer  cans  and  nonreturnable  bottles. 

Population  pressures  did  not  fill  our  homes  with 
myriad  electrical  gadgets. 

Most  of  our  environmental  disasters  have  been  the 
technological  successes  of  an  economic  system  where 
the  goal  is  to  use  technology  to  maximize  profit. 

The  ecologically  unsound  technological  develop- 
ments of  the  past  two  decades  would  have  created  the 
environmental  crisis  even  if  the  population  had  been 
stable  during  that  period. 

The  final  few  pages  of  Chapter  5  tend  to  balance 
out  the  preceding  emphasis  on  population  as  the  cause 
of  environmental  deterioration.  However,  the  Report 
states  that:  "Population  growth  is  clearly  not  the  sole 
culprit  in  ecological  damage."  I  would  like  to  point  out 
that  population  growth  is  not  the  major  culprit,  either. 
The  major  culprit  is  the  manner  in  which  we  use, 
control,  and  evaluate  our  technology. 

Slowing  population  growth  will  give  us  time  to 
reevaluate  and  change  our  technology,  but  it  cannot 
substitute  for  the  changes  which  must  be  made  if  we  are 
to  survive. 

Population  Education 

The  Commission  recommends  enactment  of  a 
Population  Education  Act  and  presents  a  persuasive  case 
for  a  greatly  enlarged  federal  effort.  I  was  the  Senate 
author  of  both  provisions  in  the  present  law  cited  by  the 
Commission  dealing  with  federal  assistance  in  the 
development  and  implementation  of  population  educa- 
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tion  programs,  materials,  and  curricula— in  the  Family 
Planning  Services  and  Population  Research  Act  (P.L. 
91-572)  and  in  the  Environmental  Education  Act  of 
1970  (P.L.  91-516).  As  Chairman  of  the  Special 
Subcommittee  on  Human  Resources  of  the  Senate 
Labor  and  Public  Welfare  Committee,  I  also  conducted 
oversight  hearings  on  the  Administration's  failure  to 
implement  these  programs. 

But  I  am  not  at  present  certain  in  my  own  mind 
whether  it  would  be  more  appropriate  to  achieve  our 
ends  legislatively  by  amending  existing  laws  or  by 
enacting  an  entirely  new  statute. 

Legal  Impediments  for  Minors 

The  Commission  recommends  the  elimination  of 
legal  barriers  to,  and  the  establishment  of,  programs  for 
the  distribution  of  contraceptive  information  and 
services  to  all,  including  unmarried  teenagers.  I  support 
fully  the  Commission's  purpose:  to  eliminate  the 
suffering  which  an  unwanted  birth  often  produces  both 
for  mother  and  child.  The  means  of  implementing  the 
Commission's  recommendation  that  such  information 
and  services  should  be  provided  without  parental 
consent  to  unmarried  teenagers  living  in  the  home 
concern  me,  however. 

I  do  not  believe  the  Commission  has  placed 
sufficient  stress  on  the  role  and  responsibilities  of 
parents  regarding  the  provision  of  birth  control  informa- 
tion and  services.  Although  I  believe  appropriate 
discussion  of  reproduction,  birth  control,  and  venereal 
disease  should  be  included  in  the  basic  school  curricu- 
lum for  adolescents,  I  also  beheve  it  would  be  a  mistake 
to  place  our  principal  emphasis  on  that  method  of 
education.  Society  and  schools  should  make  every  effort 
to  encourage  chUd  and  parent  to  discuss  these  matters 
honestly  and  openly.  Our  educational  programs  should 
stress  this. 

I  have  similar  concerns  about  medical  authorities 
providing  contraceptive  services  to  unemancipated 
teenagers  without  parental  consent  or  knowledge.  1 
strongly  believe  that  it  should  be  the  obligation  of  the 
health  professional  to  counsel  the  unemancipated 
teenage  patient  to  raise  this  issue  with  his  or  her  parents. 
Nonetheless,  despite  my  serious  concerns  on  this 
question,  I  concur  that  it  is  poor  public  policy  for 
pregnancy  to  be  treated  as  a  kind  of  moralistic 
punishment  for  what  some  may  consider  promiscuous 
sexual  behavior. 


Abortion 

Although  the  Commission  expresses  strong 
concern — which  I  share  fully— over  the  dsmger  that 
abortion  may  be  used  as  a  means  of  birth  control,  the 
Commission  also  recommends  the  adoption  of  state  laws 
permitting  abortion  upon  a  pregnant  woman's  request, 
provided  it  is  performed  by  licensed  physicians  under 
conditions  of  medical  safety. 

I  am  unable  to  join  in  this  recommendation 
because  I  hesitate  to  endorse  governmental  sanction  of 
the  destruction  of  what  many  people  consider  to  be 
human  life.  I  am  particularly  concerned  by  the  social 
and  ethical  implications  of  such  action  now,  given  the 
general  atmosphere  of  violence  and  callousness  toward 
Life  in  our  society  and  in  our  world.  Ours  has  become  an 
incredibly  violent  time.  Our  people  are  involved  in  acts 
of  violence  both  in  our  streets  and  in  Southeast  Asia. 
Meanwhile  all  mEmkind  exists  under  the  dark  shadow  of 
the  strategy  of  nuclear  terror  with  its  threat  of  sudden 
death  for  all  of  us. 

Has  life  ever  been  held  more  cheaply?  Has  there 
ever  been  greater  indifference  to  the  taking  of  hfe?  Are 
we  really  aware  of  just  how  hardened  we  have  become? 

I  wonder  if,  in  this  atmosphere,  we  are  capable  of 
making  a  wise  decision  on  this  issue  involving  our  very 
attitude  toward  human  life.  Perhaps  we  should  wait  for 
a  more  compassionate  and  less  callous  time. 

I  want  to  make  it  plain  that  I  recognize  the 
inconsistencies  and  inequities  involved  in  many  existing 
state  laws  permitting  abortions  for  "therapeutic" 
reasons.  They  have  the  effect  of  depriving  low-income 
persons  of  equal  access  to  medical  procedures  readily 
available  to  the  more  affluent.  Such  laws,  along  with  the 
even  more  restrictive  or  prohibitive  laws  in  some  states, 
result  in  utter  tragedy  for  women  who,  unable  to  afford 
travel  to  another  state  or  abroad  to  obtain  an  abortion, 
turn  in  desperation  to  illegal  abortions  and  suffer 
butchery  that  often  destroys  both  the  fetus  and  the 
mother. 

I  understand  and  respect  the  view  that  many 
people  hold  that  abortion  is  fundamentally  a  question 
of  a  woman's  inherent  right  to  control  her  own  body. 
But  I  also  understand  and  respect  the  view  of  many 
others  that  a  second  body  also  is  involved— a  human 
fetus.  And,  as  1  have  indicated,  I  am  concerned  about 
the  effect  of  all  this  on  still  a  third  body— our  society 
itself. 
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lUegal  Aliens 

o  The  Commission  recommends  that  Congress  enact 
legislation  to  impose  civil  and  criminal  sanctions  on 
employers  of  illegal  border-crossers  or  aliens  who  are  in 
an  immigration  status  which  does  not  authorize 
employment.  Such  a  statute  would,  in  my  judgment, 
impose  on  employers  an  onerous  burden  of  having  to 
ascertain  in  fact  whether  each  individual  is  in  a 
proscribed  category.  This  could  very  well  have  a  chilling 
effect  on  hiring  in  international  border  areas,  thereby 
seriously  jeopardizing  employment  opportunities  for 
Mexican-Americans. 

Only  in  the  case  of  an  employer  who  knows  or  has 
clear  reason  to  know  that  an  employee  is  within  a 
proscribed  category  would  1  favor  imposition  of  any 
criminal  or  civil  penalty. 

One  burden  I  would  place  on  the  employer  is  that 
he  inquire  about  the  citizenship  of  each  prospective 
employee.  If  the  applicant  states  he  is  an  alien,  the 
employer  should  require  submission  of  evidence  of 
lawful  admission  for  permanent  residence  or  of 
authorized  employment  status.  (I  note  that  section  14 
of  S.  1373,  currently  pending  before  the  Senate 
Committee  on  the  Judiciary,  contains  such  a  provision. 
Also,  a  law  recently  enacted  in  California  as  section 
2805  of  the  Labor  Code  penahzes  employers  who 
deprive  lawful  residents  of  jobs  by  knowingly  hiring 
illegal  aliens.) 

I  think  we  need  to  find  better  ways  of  halting  the 
employment  of  illegal  aliens,  while  at  the  same  time  not 
imposing  onerous  or  counterproductive  burdens  or 
restraints  on  employers.  Two  that  1  am  considering  are: 

1.  Requiring  that  Social  Security  cards  issued  to 
aliens  be  of  a  different  color,  or  in  some  way  clearly 
distinguishable,  from  those  issued  to  citizens.  (We  would 
need  to  make  sure,  however,  that  citizens  are  not 
unreasonably  put  to  great  trouble  in  producing  evidence 
of  citizenship  in  order  to  secure  a  Social  Security  cjuxl.) 

2 .  Requiring  each  prospective  employee  to 
complete  a  non-notarized  affidavit  form  regarding  his  or 
her  United  States  citizenship.  Material  false  statements 
would  be  punishable  under  the  Federal  False  Statements 
Act. 

It  is  important  that  in  coping  with  the  employment 
of  illegal  aliens,  we  consult  with  those  population 
groups  most  directly  affected.  It  is  equally  important 
that  we  do  not  choose  a  remedy  that  imposes  special 
burdens  on  any  geographical,  ethnic,  or  racial  group. 


Depressed  Rural  Areas 

In  discussing  the  goals  of  our  population  policy  as 
it  relates  to  migration  and  economically  depressed  rural 
areas,  concepts  such  as  population  maldistribution  and 
the  need  for  population  dispersion  take  on  real  meaning 
only  after  careful  analysis  of  the  economic  and  social 
consequences  of  the  changing  structure  of  the  agricul- 
tural industry.  However,  I  wish  to  make  certain  observa- 
tions about  what  causes  people  to  leave  rural  America. 

Of  the  5.5  million  individual  farms  that  existed  in 
1950,  only  2.9  million  remain  today.  If  present  trends 
continue,  there  will  be  fewer  than  two  million  farms  in 
1980.  In  other  words,  900,000  farms  will  disappear  in 
the  span  of  just  eight  years.  Some  900,000  farm  families 
will  be  forced  to  seek  their  livings  outside  of  farming— 
often  in  already  overcrowded  urban  centers  where  they 
are  ill-equipped  to  compete  in  a  job  market  that  requires 
skills  cuid  training  unacquired  in  rural  life. 

The  structure  of  modem  agriculture  is  changing 
dramatically.  Twenty  to  30  years  ago,  the  rural  land- 
scape was  dotted  with  family  farms  and  small,  thriving 
communities.  Today,  small  farmers  are  being  blown  off 
their  land  by  the  winds  of  economic  and  technological 
change.  Farms  are  increasingly  large  scale  and  mech- 
anized; the  farming  industry  is  increasingly  dominated 
by  giant  corporations  and  conglomerates  that  buy  up 
prime  farmland  and  seek  the  total  vertical  integration  of 
the  industry  from  "seedling  to  supermarket."  The 
production,  processing,  marketing,  and  distribution  of 
agricultural  commodities  are  increasingly  controlled  by 
huge  corporate  entities  that  have  little,  if  any,  stake  in 
the  rural  community.  With  an  economic  base  that  is 
primarily  urban,  these  agri-industries  siphon  off  what 
few  economic  resources  are  left  in  rural  America. 

The  Commission's  statement  that  "many  places 
have  simply  outlived  their  economic  function"  could  be 
interpreted  as  an  acceptance  of  the  myth  of  the 
inevitability  of  bigness  of  agriculture.  The  unfortunate 
reality  is  that  corporations  and  conglomerates  are 
moving  into  farming  not  because  smaller  units  are 
inefficient,  but  because  present  federal  policies  are 
encouraging  these  entities  to  diversify  into  agriculture 
by  providing  them  with  tax  benefits  and  other  economic 
incentives.  Their  presence  in  agriculture— and  the 
nonfarm  resources  they  control— make  it  virtually 
impossible  for  the  independent  farmer  to  compete 
successfully,  even  though  he  is  likely  to  be  the  more 
efficient  farmer. 

If  we  are  to  discuss  maximizing  freedom  of  choice 
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about  where  an  individual  wants  to  live  and  work — and  I 
believe  such  freedom  is  essential— we  must  make  it 
possible  for  the  independent  farmers  and  businessmen 
of  rural  America  to  survive  economically.  As  the 
Commission  notes,  we  must  build  up  the  economic  and 
social  base  for  the  maintenance  of  rural  communities  so 
that  people  have  a  real  choice  about  where  to  live  and  to 
work.  We  must  also  resist  the  temptation  to  assume  that 
we  can  revitalize  rural  America  only  by  bringing  in  new 
industry.  Although  rural  communities  desperately  need 
infusion  of  new  capital,  industrialization  alone  will  not 
provide  jobs  and  econorric  stability  there  in  a  manner 
consistent  with  environmental  and  social  quality. 

It  is  vital  that  we  examine  these  issues  in  more 
detail  if  we  are  to  develop  and  implement  viable 
national  policies  and  priorities  that  can  achieve  a  better 
rural/urban  population  balance. 

Department  of  Community  Development 

The  Commission  recommends  that  Congress  enact 
legislation  to  establish  a  Department  of  Community 
Development  to  undertake,  among  other  things, 
research  on  the  interactions  between  population  growth 
and  distribution,  and  the  programs  such  a  Department 
would  administer.  I  agree  that  this  research  is  necessary. 
An  administration  bill,  S.  1618,  to  establish  such  a 
Department,  is  pending  before  the  Senate  Committee  on 
Banking,  Housing  and  Urban  Affairs,  of  which  I  am  a 
member.  But  until  I  am  able  to  resolve  all  the  difficult 
issues  involved  in  creating  this  super-Department— 
including  the  implications  of  removing  the  community 
action  program  from  the  Office  of  Economic 
Opportunity— I  believe  it  would  be  premature  for  me,  as 
a  member  of  the  authorizing  committee,  to  join  in  this 
Commission  recommendation. 


Separate  Statement  of  Otis  Dudley  Duncan, 
concurred  in  by  Paul  B.  Comely,  M.D. 

We  inquire  what  is  the  effect  of  a  growing 
population  on  a  "healthy  economy."  But  the  majority 
of  the  Commission,  no  doubt  wisely,  did  not  care  to 
inquire  into  what  may  constitute  "health"  in  regard  to 
an  economy.  We  accept  projections  to  the  effect  that, 
three  decades  hence,  "the  average  individual's  consump- 
tion is  expected  to  be  more  than  twice  what  it  is  today" 
without  inquiring  whether  a  doubling  of  consumption 


every  30  years  be  a  sign  of  "health,"  or,  perchance,  of 
some  disease  whose  horrors  will  only  be  disclosed  to  us 
by  degrees.  The  Commission  cannot  plead  that  the 
proper  questions  were  not  raised  before  it,  for  they  are 
trenchantly  stated  in  the  paper,  "Declining  Population 
Growth:  Economic  Effects,"  prepared  for  the  Commis- 
sion by  J.  J.  Spengler.  I  wish  to  conclude  this  statement 
with  a  quotation  from  Spengler's  paper: 

Today  it  is  assumed  that  the  economic  circle 
can  be  squared;  for  ...  it  is  supposed  that  a 
society  may  have  guaranteed  full  employ- 
ment, price-level  stability,  strong  producer 
pressure  groups  (trade  unions,  business  and 
agricultural  groups,  government  employees), 
and  freedom  from  direct  economic  controls. 
In  reality,  of  course,  it  is  impossible  for  these 
four  objectives  to  be  realized  simultaneously; 
only  two,  possibly  three,  are  compatible.  The 
policies  driving  the  American  economy  are 
much  more  directionless  than  those  which 
animate  the  Strassburg  goose  and  the  Sumo 
wrestler  to  eat  continuously,  the  one  to 
become  liver  pate  and  the  other  to  "belly" 
one  of  his  kind  from  the  ring;  for  this 
economy,  with  its  momentum  based  upon 
destruction  of  a  finite  earth's  depleting  re- 
sources, neglects  the  fundamental  require- 
ment for  survival,  namely,  conducting  its 
affairs  in  keeping  with  an  infinite  time  or 
planning  horizon. 

Ultimately,  attainability  of  a  population  goal 
compatible  with  the  finiteness  of  that  part  of 
the  biosphere  accessible  to  the  American 
people  turns  on  what  happens  in  the  moral 
realm— on  determination  of  the  content  of 
this  goal  and  construction  of  a  penalty-reward 
system  calculated  to  make  the  goal  realizable. 
Market  forces  alone  cannot  assure  its  realiza- 
tion, for  the  reasons  that  maike  exchange, 
though  the  main  organizing  principle,  inade- 
quate without  appropriate  institutional  and 
legal  underpinnings.  A  population  goal  cannot 
be  settled  upon  in  isolation,  but  must  be 
viewed  as  one  of  a  set  of  interrelated  goals, 
the  attainability  of  any  one  of  which  turns  on 
the  weight  attached  to  other  goals  within  the 
framework  of  a  finite  physical  as  well  as  social 
environment. 
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Separate  Statements  of  John  N.  Erienborn 
Child  Care 

In  this  section,  the  Report  recommends  a  univer- 
sally available  child-care  system.  In  the  sense  that  the 
Commission  holds  voluntary  participation  to  be 
essentiail,  the  Commission's  position  that  participation 
in  a  child-care  program  not  be  a  condition  for  other 
governmental  assistance  is  not  inconsistent.  What  is 
difficult  to  reconcile  is  the  contention  that  a  child-care 
system  affords  opportunities  for  learning,  development, 
£md  companionship;  but  government  should  not  require 
the  people  it  supports  to  utihze  these  opportunities. 
These  are  the  very  people  who,  through  little  fault  of 
their  own,  are  otherwise  isolated  from  these  advantages 
and,  as  a  consequence,  from  the  mainstream  of  society. 
Thus,  they  are  the  very  people  who  have  the  most  to 
gain  from  exposure  to  child-care  programs,  but  who 
may,  understandably,  be  the  most  hesitant  and  appre- 
nensive  about  volunteering. 

In  fairness  to  them,  I  believe  they  deserve  priority 
in  any  child-care  system  financed  by  the  federal 
government.  In  fairness  to  those  who  pay  the  bill  for 
any  government-sponsored  program,  I  believe  the 
government  has  the  responsibility  to  set  conditions 
which  attempt  to  assure  fulfillment  of  the  program's 
goal.  This  should  be  no  less  true  in  the  case  of  the 
welfare  program,  where  one  of  the  goals  is  to  assist 
people  in  finding  a  meaningful  and  contributory  niche 
in  society,  than  it  is  in  any  other  program. 

All  this  is  not  to  say  1  am  prepared  to  support  the 
Commission's  recommendation  for  government  to  sub- 
sidize—beyond the  tax  relief  recently  enacted— a  com- 
prehensive child-care  program  of  sufficient  proportions 
to  accommodate  all  those  who  want  to  participate.  If  the 
demand  for  child-care  service  continues  to  grow— and 
that  seems  to  be  the  sign  of  the  times— I  believe  those 
who  want  it  should  be  willing  to  pay  for  it,  if  they  can. 

I  am  also  convinced  that  pre-kindergarten  educa- 
tion should  not  be  established  as  a  separate  federal 
school  system,  but  should  be  integrated  with  other 
private  and  public  education. 

Children  Bom  Out  of  Wedlock 

I  agree  with  much  of  the  analysis  presented  Ln  this 
section  on  the  need  to  reduce  the  social  and  moral 
stigma  attached  to  children  bom  out  of  wedlock.  It  is 
no  fault  of  the  child  that  the  circumstances  of  his  birth 
may    have    been    deemed   irregular   by   society.   Thus, 


anything  that  this  Commission's  recommendations  can 
do  to  reduce  or  eliminate  the  social  and  moral  stigma  is 
appropriate. 

I  am  not,  however,  similarly  convinced  that  the 
legal  ramifications  of  the  distinction  between  legitimacy 
and  illegitimacy  have  been  fully  analyzed  by  the 
Commission  in  sufficient  depth  to  enable  it  to  recom- 
mend that  the  legal  status  of  a  child  born  out  of 
wedlock  be  the  same  as  a  legitimate  child.  The  purpose 
of  the  legal  discrimination  was  not,  as  the  Commission 
states,  to  protect  the  sanctity  of  family  and  discourage 
extramarital  sex,  so  much  as  it  was  to  clarify  and  make 
more  certain  the  inheritance  of  property  and  the  rights 
of  individuals  to  legally  obhgate  others.  Even  if  the 
purpose  had  been  to  protect  the  family  and  discourage 
extramarital  sex,  the  fact  that  the  goal  has  not  been 
realized  causes  me  to  argue  against  the  relaxation  of 
restrictions;  it  could  easily  be  argued  that  the  restric- 
tions should  be  tightened,  not  weakened.  By  analogy, 
one  could  also  argue  that  since  laws  against  murder  have 
not  eliminated  murder,  they  should  be  abolished. 

The  examples  cited  in  the  Report  of  reductions  of 
discrimination  only  point  out  the  complexities  of  the 
matter.  For  example,  the  amendments  to  the  Social 
Security  Act  recognize,  appropriately,  certain  con- 
ditions such  as  contributions  to  the  support  of  the  child 
by  the  father  or  a  court  decree  identifying  the  father  as 
a  necessary  precondition,  a  substitute,  if  you  will,  for 
marriage,  "legitimizing"  the  status  of  the  child.  Unless 
there  is  some  overt  act  of  assumption  of  responsibihty, 
the  distinction  is  not  removed. 

Because  of  the  complexities  of  the  matter,  I  can 
agree  that  research  and  study  by  the  American  Bar 
Association,  the  American  Law  Institute,  and  other 
groups  concerned  with  state  laws  are  appropriate.  I 
cannot,  however,  join  in  the  Commission's  recommenda- 
tion that  all  legal  distinctions  between  legitimate  and 
illegitimate  children  be  eliminated. 

Women:   Alternatives  to  Childbearing 

Throughout  this  section,  there  runs  the  refrain  that 
our  primary  object  and  goal  is  to  provide  greater 
freedom  to  the  individual  in  society.  In  urging  the 
adoption  of  the  Equal  Rights  Amendment,  the  Commis- 
sion may  be  inciting  the  substitution  of  greater  regimen- 
tation and  control  rather  than  encouraging  the 
expansion  of  individual  freedom. 

We  are  a  pluralistic  society.  The  vitality,  the 
experimentation,  the  openness  of  our  society  is  directly 
attributable,  I  believe,  to  the  fact  that  we  are  free  to 
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march  to  the  tune  of  different  drummers.  To  force  our 
citizens  into  a  straitjacket  of  conformity  and  sameness 
would  stultify  individuality  and  undermine  freedom. 
Yet  I  believe  that  in  the  name  of  equality  such  a  course 
of  action  is  being  proposed  here. 

Women  have  been  discriminated  against  in  employ- 
ment, in  education,  in  legal  arrangements,  and  in  family 
relationships.  I  do  not  question  this.  To  employ  a 
blunderbuss,  through  enactment  of  the  Equal  Rights 
Amendment  or  the  anti-sex-discrimination  amendment 
to  the  education  laws,  however,  can  harm  as  many  or 
more  than  it  can  help;  and  there  is  a  better  way  to  put 
an  end  to  discrimination  against  women. 

Wherever  discrimination  exists  which  deserves 
government  action  to  overcome  it,  efforts  should  be 
made— and  are  being  made— to  provide  remedies  through 
measured  steps,  where  facts  are  gathered,  causal 
relationships  established,  and  the  margin  for  serious 
error  reduced.  In  the  enactment  and  now  the 
strengthening  of  the  Equal  Employment  Opportunity 
Act,  this  has  been  done.  Similarly,  it  appears  that  both 
Houses  of  Congress  have  agreed  upon  the  need  to 
eliminate  clearly  illogical  and  harmful  sex  discrimination 
in  the  areas  of  vocational  education  and  graduate  higher 
education.  Correctional  action  is  also  being  taken  to 
equalize  the  property  rights  of  women  and  their  status 
as  heads  of  households. 

The  goal  of  the  Equal  Rights  Amendment  is  to 
eliminate  distinctions  between  men  and  women  in  the 
law,  but  there  can  be  distinction  without  discrimination. 
Treating  people  differently,  respecting  their  individual 
needs  and  desires,  looking  upon  them  as  unique  human 
beings— not  as  a  part  of  a  statistical  herd— is  not 
discrimination.  Treating  everyone  alike,  regardless  of 
their  preferences,  however,  is  all  too  often 
discriminatory. 

Many  women  find  enjoyment  and  gratification  in 
remaining  home,  being  mothers,  and  rearing  children. 
Eliminating  laws  which  protect  that  status  is  every  bit  as 
discriminatory  as  any  efforts  to  impose  such  a  status  or 
role.  Adoption  of  the  Equal  Rights  Amendment,  in 
particular,  would  not  only  have  this  effect,  but  would 
tie  the  hands  of  Congress  and  the  people  in  efforts  to 
recognize  the  uniqueness  of  individuals  and  their  right 
to  pursue  their  own  objectives. 

For  over  a  century,  organized  labor  has  struggled 
to  obtain  protections  for  women  who  must  or  who 
choose  to  work.  I  would  assume  that,  if  polled,  most 
women  would  elect  to  preserve  these  safeguards.  Yet 
that  which  took  many  years  to  obtain  would  be  undone 


overnight  if  the  Equal  Rights  Amendment  were 
adopted. 

Serious  erosion  to  individual  freedom  is  also 
threatened  in  the  area  of  education  through  either  the 
enactment  of  the  Equal  Rights  Amendment  or  legisla- 
tion that  permits  the  federal  government  to  write 
admission  policies  where  discrimination  based  upon  sex 
has  not  been  proven  to  exist.  While  no  one  can  tolerate 
the  denial  of  the  opportunity  for  an  education  or  fair 
consideration  for  employment  in  the  field  of  education, 
the  fact  is  that  the  great  strength  of  America's  educa- 
tional system  since  the  founding  of  the  nation  has  been 
its  freedom  from  government  dictation  and  control. 
Diversity  and  autonomy  have  been  its  hallmarks.  This 
has  included  the  establishment  of  a  variety  of  options 
which  have  been  made  available  to  students,  ranging  all 
the  way  from  totally  one-sex  schools  to  equally 
balanced  coeducation. 

The  organization  of  education  has  been  based  on 
that  which  is  best  educationally  for  the  individual,  not 
on  what  mathematical  ratios  dictate.  To  prohibit  such 
diversity  and  autonomy  through  the  imposition  of 
uniform  requirements  would  constitute  a  clear  and 
present  threat  to  our  educational  institutions. 

In  graduate,  professional,  and  vocational  educa- 
tion, and  even  in  some  of  our  public  undergraduate 
schools,  the  evidence  is  clear  that  discrimination — not 
diversity— exists.  This  should  be  corrected,  and  correc- 
tive legislation  is  in  the  offing.  However,  we  have  seen 
no  indication  that  those  who  seek  an  education  at  other 
levels  and  in  other  areas  are  prevented  by  reason  of  sex 
from  attaining  their  goal. 

While  figures  on  elementary  and  secondary  educa- 
tion are  unavailable,  the  record  discloses  that,  in 
undergraduate  education,  females  continue  to  represent 
a  larger  percentage  of  total  enrollment,  increasing  from 
31.7  percent  in  1946  to  41.1  percent  in  1970.  For 
first-time  undergraduate  enrollment,  the  percentage 
increased  from  28.3  percent  in  1945  to  44.7  percent  in 
1970.  In  these  same  years,  females  represented  56.8 
percent  and  50.5  percent  of  the  number  graduating 
from  high  school. 

In  sum,  the  fault  I  find  with  any  remedy  that 
attempts  to  cure  a  variety  of  ills  with  a  single  stroke  of 
the  pen  is  that  it  ignores  the  individual,  removes  the 
good  with  the  bad,  and  erodes  principles  which  only 
peripherally  touch  upon  the  ills  at  which  the  remedy  is 
directed.  Overall,  the  effect  is  to  discriminate  where 
discrimination  does  not  exist,  and  to  restrict  rather  than 
to  free.  I  believe  these  pitfalls  are  inherent  in  the  Equal 
Rights  Amendment  and  the  recommendation  that  the 
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federal  government  direct  the  admissions  of  our 
elementary  and  secondary  schools  as  they  relate  to  sex. 
Specific  legislation  to  correct  proven  problems  will 
permit  us  to  avoid  these  pitfalls. 

Legal  Impediments  for  Minors 

1  am  compelled  at  the  outset  in  commenting  on 
this  section  to  offer  an  observation:  I  do  not  believe  the 
Report  is  proposing  that  contraceptive  devices  be  sold 
through  vending  machines  in  school  corridors,  and  I 
hope  it  will  not  be  so  construed. 

As  to  contraception,  the  law,  and  minors,  1  wish 
the  Commission  had  applied  an  age  qualification  to  the 
term  minor.  Even  so,  1  cannot  join  in  the  Commission's 
recommendation  that  all  legal  restrictions  on  access  to 
contraceptive  information  and  services  should  be 
eliminated  to  permit  minors,  youngsters  under  the  age 
at  which  they  are  legally  responsible  for  themselves, 
unlimited  access  to  contraceptives  and  abortions. 

As  I  have  stated  elsewhere,  the  goal  of  increasing 
the  quality  of  life  should  not  be  paramount  to  the 
sanctity  of  life.  The  exercise  of  any  right  in  excess  can 
lead  to  license. 

Throughout  this  Report,  the  emphasis  on  the  rights 
of  the  individual  is  used  to  justify  increased  individual 
freedom  and  responsibility.  Yet,  the  facts  cited  in  the 
Report,  particularly  when  dealing  with  questions  of 
minors,  show  that  minors  are  often  inexperienced  and 
ill-equipped  to  deal  with  the  questions  that  the  new 
freedom  gives  them. 

1  would  have  preferred  that  the  Commission 
qualify  its  recommendation  to  give  greater  weight  to 
circumstances  and  the  need  for  parental  guidance.  I  can 
fully  support  the  recommendations  that  the 
consequences  of  illegitimacy  and  teenage  pregnancy  be 
reduced  so  that  the  mother  will  have  a  chance  of 
enjoying  a  satisfying  life.  The  tensions  associated  with 
what  is,  perhaps,  an  unwanted  pregnancy  should  be 
reduced.  At  the  same  time,  however,  we  should  not 
detach  ourselves,  as  the  Commission  does,  from  the 
related  moral  and  social  questions. 

By  eliminating  any  need  or  concern  for  parental 
guidamce,  the  Commission  essentially  takes  the  view  that 
the  child  knows  better  than  the  parent  what  his  rights 
and  responsibilities  are.  This,  in  my  view,  goes  too  far  in 
placing  emphasis  on  individuail  right,  and  tends  to  ignore 
responsibihty  for  one's  own  actions. 

A  particular  fear  haunts  me  with  regard  to  the  lack 
of  a  recommendation  that  teenagers  be  exempted  from 
laws    permitting    voluntary    sterilization    beyond    the 


assumption  that  usual  and  accepted  medical  judgment 
will  be  exercised. 

I  do  not  know  of  any  age  a  human  being  passes 
through  that  is  more  impressionable,  more  susceptible 
to  suggestion,  than  the  teen  years.  To  couple  this 
impressionability  with  access  to  sterilization  without 
parental  guidance  can  mean  that  many  youngsters,  in 
their  zeal  to  be  patriotic,  to  do  something  for  mankind, 
will  know  more  than  a  few  moments  of  torment  and 
regret. 

It  is  no  answer,  to  my  mind,  to  these  young  people 
and  others  merely  to  suggest  that  sperm  banks  can 
alleviate  concern  about  a  change  of  mind.  Technology  in 
this  area  has  not  advanced  to  the  stage  that  permits  this 
guarantee.  And,  finjilly,  the  moral  questions  posed  by 
artificial  insemination  remain  unresolved. 

Abortion 

I  cannot  accept  the  recommendation  that  present 
state  abortion  laws  be  liberahzed  to  allow  abortions  to 
be  performed  on  request. 

My  basic  premise  is  that  we  must  include  within 
our  concern  for  the  quality  and  enhancement  of  Ufe  a 
respect  for  Ufe  itself— indeed,  it  should  be  paramount. 
Otherwise,  the  concern  for  the  enhancement  or  enrich- 
ment of  life  is  entirely  materialistic.  Thus,  I  believe  the 
Report  should  have  resolved  the  moral  and  ethical  issues 
it  raised.  The  Report  could  have  served  a  useful  purpose 
at  this  point  by  a  more  wide-ranging  discussion  of  these 
issues.  Instead,  it  does  nothing  to  clarify  the  funda- 
mental bases  on  which  people  now  quite  rightly  object 
to  liberalized  abortion. 

A  discussion  of  the  moral  and  ethical  issues,  I 
realize,  is  not  an  easy  task.  How,  for  instance,  do  we 
distinguish  between  abortion  and  infanticide?  The  goal 
of  relieving  the  mother  of  the  burdens  of  child-rearing  is 
the  same;  thus,  some  distinction  between  the  means 
must  lead  to  a  recommendation  of  the  one  and  not  the 
other. 

At  what  point  in  the  development  of  the  fetus  do 
we  consider  it  to  be  human  life  worthy  of  the 
protection  of  society?  And  what  event  signals  the 
change  of  the  fetus  from  the  state  of  nonhuman  to 
human?  My  own  view  is  that  the  fetus  is  a  new,  separate 
human  being  from  the  moment  of  conception. 

It  would  be  helpful  for  those  reading  this  Report  to 
be  able  to  review  the  reasoning  leading  to  the  judgment 
that  liberal  abortion  is  morally  defensible.  In  my  ovm 
view,  it  is  difficult,  if  not  impossible,  to  reach  that 
moral    judgment,    and    yet    stop    short    of   justifying 
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infanticide,  euthanasia,  or  the  killing  of  the  severely 
mentally  or  physically  handicapped. 

I  believe  that  the  failure  of  the  text  to  resolve  these 
questions  of  moral  judgment  places  the  recom- 
mendation outside  a  moral  context. 

Viewed  within  a  moral  or  ethical  context,  I  do  not 
believe  that  this  society  can  accept  the  destruction  of 
human  life  for  the  comfort  or  convenience  of  indivi- 
duals within  the  society. 

Furthermore,  the  recommendations  do  not  reflect 
the  complexity  of  potential  situations  in  which  abortion 
may  be  called  for.  It  does  not  distinguish,  for  example, 
between  the  rights  of  married  and  unmarried  women  to 
request  abortion.  What  may  be  appropriate  for  an 
unmarried  woman  to  decide  between  herself  and  her 
doctor  may  be  completely  inappropriate  for  a  married 
womim,  who  thus  ignores  the  rights  of  her  husband. 
Moreover,  there  are  numerous  distinctions  of  a  medical 
nature  which  could  be  made  to  limit  the  scope  of  the 
recommendation . 

In  this  section,  the  Commission  notes  the 
difficulty  of  assessing  the  demographic  impact  of 
liberalized  abortion.  Its  impact  would  be  small,  no 
doubt  less  than  that  of  immigration.  And  yet,  abortion 
on  request  takes  precedence  as  a  recommendation  over 
one  concerning  the  limiting  of  immigration.  Since  this  is 
a  "Population"  Commission  and  not  a  "Birth  Control" 
Commission,  what  compelling  consideration  leads  the 
Commission  to  make  this  very  controversial  recom- 
mendation when  it  has  little  or  no  population  or 
demographic  consequence? 

In  summary,  for  all  of  the  reasons  noted,  I  find  it 
impossible  to  join  with  the  Commission  in  these 
recommendations. 


spective,  it  is  necessary  to  examine  the  definition  of  the 
word  "authorization"  as  it  pertains  to  legislation.  In 
simplest  terms,  it  sets  a  limit  on  the  amount  that  may  be 
appropriated  for  a  given  purpose.  It  is  a  figure  that, 
more  often  than  not,  is  merely  taken  from  thin  air. 
Rarely  does  an  authorization  reflect  a  diligent  inquiry 
into  actual  needs  or  a  search  for  an  amount  that  can  be 
efficiently  and  effectively  expended  during  a  defined 
period. 

If  Congress  were  to  heed  the  cry  for  full  funding  of 
each  of  the  authorizations  it  makes,  the  federal  budget 
would  be  more  than  three  times  the  $246.3  biUion 
requested  for  fiscal  year  1973.  The  amount  of  the 
federal  debt  would  be  imponderable. 

Viewed  in  this  light,  the  necessity  to  evaluate  each 
request  for  funds  cdongside  all  of  the  other  requests  in 
the  budget  as  a  whole  is  clearly  evident.  The  Report 
notes  that  amount  expended  thus  far  by  the  federal 
government  for  fertility  control  research  is  modest  in 
terms  of  total  research  expenditures,  but  no  attempt  is 
made  to  assess  this  demand  for  funds  as  they  relate  to 
the  thousands  of  other  funding  demands. 

In  like  manner,  the  Report  makes  specific  recom- 
mendations for  funding  levels  of  family  planning 
projects.  We  are  not  suggesting  that  the  amounts 
recommended  are  either  too  high  or  too  low,  but  rather 
that  they  are  merely  judgments;  and  we  do  not  wcint  to 
judge  funding  levels  for  these  purposes  in  isolation  from 
funding  requests  for  all  other  programs. 

Equally  important,  the  discussions  on  funds  do  not 
take  into  account  the  fact  that  federal  support  for 
family  planning  services  and  fertility  control  research  in 
fiscal  year  1973  will  rise  to  $240  million,  a  threefold 
increase  since  fiscal  1969. 


Methods  of  Fertility  Control 


Fertility-Related  Services 


A  trait  common  to  groups  and  organizations 
concerned  about  a  particular  problem  is  citing  their 
issue  as  one  of  highest  priority,  but  failing  to  view  it  in 
the  context  of  other  problems  that  confront  us  as  a 
nation.  Obviously,  not  all  of  the  myriad  dilemmas  we 
are  trying  to  solve  can  be  classified  as  being  of  highest 
priority. 

Specifically,  the  Commission  recommends  that  this 
nation  give  highest  priority  to  fertility  control  research 
and  that  the  full  $93  million  authorized  for  this  purpose 
for  fiscal  year  1973  be  appropriated  and  allocated. 
Next,  it  recommends  that  federal  expenditures  for  such 
research  rise  to  a  minimum  of  $150  million  by  1975. 

To  put  the  full  funding  recommendation  in  per- 


The  Commission  recommends  that  both  ".  .  .  pub- 
lic and  private  health  financing  mechanisms  should 
begin  paying  the  full  cost  of  all  health  services  related  to 
fertihty,  including  prenatal,  delivery,  and  postpartum 
services;  pediatric  care  for  the  first  year  of  life; 
voluntary  sterilization;  safe  termination  of  unwjinted 
pregnancy;  and  medical  treatment  of  infertihty."  More- 
over, the  Commission  suggests:  "The  same  type  of 
coverage  could  be  built  into  existing  private  insurance 
programs." 

Either  way,  it  seems  to  me,  the  public  pays. 
Indeed,  perhaps  the  public  is  willing.  I  suggest,  however, 
that  in  making  that  decision  several  considerations 
warrant  examination. 
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First,  of  course,  it  is  important  to  ascertain  the 
present  direction  of  private  insurance.  Those  of  us  who 
do  not  earn  our  livehhood  through  the  private  insurance 
system  know  that  health  insurance  (and  my  reference  to 
health  insurance  includes  the  whole  gamut— medical, 
surgical,  hospital,  major,  and  comprehensive)  is  costly. 
What  is  more,  we  know  it  does  not  provide  all  the 
benefits  we  seek  and  premiums  go  up  when  new  benefits 
are  added.  We  can  probably  all  agree  as  well  that  the 
only  way  medical  expenses  are  going  to  go  is  up.  And 
we  rightfully  ask  whether  private  insurance  can  provide 
a  remedy. 

In  its  1971-72  report,  the  Health  Insurance  Insti- 
tute tells  us  that  some  170  million  Americans  under  age 
65  were  protected  by  one  or  more  forms  of  private 
health  insurance  in  1970.  Despite  Medicare,  which 
serves  those  over  age  65,  over  11  million  more  persons, 
or  59  percent  of  the  total  population  age  65  and  over, 
carried  private  health  insurance  policies  to  supplement 
Medicare  in  1970. 

From  its  birth  in  1950  until  1970,  major  medical 
expense  insurance— wherein  each  individual  pays  the 
first  $100  or  so  each  year  for  health  expenses  and  10  to 
15  percent  of  expenses  over  the  deductible  amount— had 
expanded  to  cover  78  million  people. 

Without  a  doubt,  the  system  is  responsive,  flexible, 
and  expandable,  but  nonetheless  in  need  of  improve- 
ment. The  question  is,  what  form  marks  improvement? 

It  is  my  conviction  that  additional  expenditures,  be 
they  public  or  private,  for  health-related  costs  should  be 
devoted  to  answering  our  needs  for  more  medical 
personnel  (a  program  already  under  way,  I  should  point 
out),  to  allaying  the  burden  to  individuals  of  prolonged 
or  unusually  heavy  medical  expenses,  and  to  preventive 
medicine. 

It  seems  to  me  we  must  recognize  that  this  nation 
has  basic  needs  that  government  can  and  must  meet,  but 
our  nation's  capital  is  not  a  bottomless  well  from  which 
we  can  pump  endlessly  without  fear  of  the  well  running 
dry.  There  is  a  limit,  and  genuine  priorities  must  be  set. 
Surely  public  subsidy  of  sterilization  and  abortion 
should  not  come  at  the  head  of  the  hst  of  priorities. 


Separate  Statement  of  D.  Gale  Johnson 

After  the  Commission  had  approved  the  section  on 
"Racial  and  Ethnic  Minorities,"  a  study  by  Finis  Welch 
of  the  Graduate  Center,  City  University  of  New  York 
and  the  National  Bureau  of  Economic  Research,  came 


to  my  attention;  this  study  throws  new  and  important 
light  on  the  returns  to  education  for  blacks  and  whites. 
The  comparisons  in  the  text  on  income  by  education  are 
for  males  25  years  of  age  and  older  and  seem  to  indicate 
that  income  gains  from  increased  education,  especially 
college  education,  are  very  small  for  blacks.  Mr.  Welch 
undertook  a  new  analysis  of  the  1960  Census  of 
Population  data  in  which  the  data  for  both  whites  and 
blacks  were  analyzed  by  estimated  years  of  work 
experience.  In  effect,  the  years  of  work  experience  was 
the  number  of  years  since  each  individual  left  school. 

His  conclusion  with  respect  to  the  analysis  of 
income  and  education  data  for  1959  was: 

In  the  1959  data,  the  evidence  is  that  for 
persons  with  1-4  years  of  experience,  black 
earnings  rise  relative  to  white  earnings  as 
school  completion  levels  increase.  This  point 
has  not  been  previously  noted.  For  persons 
with  5-12  years  of  experience,  the  black/ 
white  earning  ratio  is  insensitive  to  schoohng 
and  for  persons  with  13-25  years  of  experi- 
ence the  relative  earnings  of  blacks  falls  as 
schooling  increases. 

A  similar  analysis  of  data  for  1966  reveals  two 
results  of  great  significance.  First,  for  blacks  who 
entered  the  labor  force  in  1959  or  later,  the  percentage 
increase  in  income  for  each  additional  year  was  substan- 
tially greater  than  for  whites.  Second,  blacks  who 
entered  the  labor  force  between  1947  and  1958  retained 
the  same  percentage  income  gains  from  an  additional 
year  of  schooling  relative  to  the  income  gains  for  whites 
in  1966  as  had  been  found  for  1959. 

These  conclusions  are  consistent  with  the  behavior 
of  black  young  men  and  women.  In  the  last  two 
decades,  there  has  been  a  substantial  narrowing  of  the 
gap  between  the  number  of  years  of  schooling  com- 
pleted by  blacks  and  whites.  In  1969,  blacks  who  were 
25  to  29  years  old  had  a  median  years  of  school 
completed  of  12.1  years  compared  to  12.6  years  for 
whites.  For  persons  who  were  45  to  54  years  old  in 
1969,  the  median  years  of  schooling  completed  was  9.1 
for  blacks  and  10.9  for  whites. 

Mr.  Welch's  study  and,  more  importantly,  the 
decisions  made  by  young  black  men  and  women  cast 
considerable  doubt  upon  the  quite  strongly  held  view 
that  the  returns  to  education  for  recent  entrants  to  the 
labor  force  is  now  substantially  lower  for  blacks  than 
for  whites.  That  the  returns  to  education  for  blacks  who 
entered  the  labor  force  before  the  late  1940's  is  below 
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the  return  realized  by  whites  is  not  in  doubt. 

It  is  good  that  the  data  from  the  1970  Census  of 
Population  will  soon  be  available  to  permit  further 
analysis  of  the  returns  to  education. 


Separate  Statement  of  John  R.  Meyer 

Forecasting  economic  events  even  for  a  few 
months  into  the  future  is  a  hazardous  exercise.  Making 
extrapolations  for  three  decades  or  so,  as  one  is  required 
to  do  if  one  is  to  forecast  the  impact  of  demographic 
developments,  is  an  even  more  uncertain  undertaking. 
The  Commission  was  therefore  commendably  cautious 
in  asserting  what  it  could  identify  as  the  probable 
economic  impacts  of  slower  population  growth. 

Nevertheless,  there  exists  a  growing  body  of  highly 
interesting,  though  speculative,  literature  on  what  the 
many  different  economic  facets  or  aspects  might  be  of 
slower  population  growth.  Some  of  these  contributions 
were  done  at  the  request  of  the  Commission  and  will  be 
issued  as  supplemental  research  reports.  These 
comments,  in  fact,  are  largely  drawn  from  those  reports. 

Perhaps  the  most  important  of  these  speculations 
concerns  the  possible  impact  of  slower  population 
growth  on  the  extent  and  incidence  of  poverty  in  the 
United  States.  It  seems  highly  probable  that  per  capita 
incomes  overall  will  be  almost  100  percent  higher  than 
they  are  today  by  the  end  of  this  century  if  Americans 
adopt  a  two-child  family  as  their  norm  and  75  percent 
higher  if  they  opt  for  the  three-child  family.  Certainly, 
such  income  increases  should  help  reduce  the  absolute  if 
not  the  relative  incidence  of  poverty  in  our  society. 

However,  reasons  also  exist  for  suspecting  that 
slower  population  growth  could  help  equalize  the 
distribution  of  income  as  well.  A  slower  growing 
population  tends  to  be  an  older  population,  and  it  is  a 
reasonably  well-established  economic  fact  that  f)eople 
save  more  in  the  later  parts  of  their  working  lives,  that  is 
Etfter  the  ages  of  45  or  50  or  so.  Accordingly,  some  of 
the  economists  advising  the  Commission  have  suggested 
that  these  higher  savings  rates  may  depress  the  rate  of 
return  on  capital  and  correspondingly  increase  the  share 
of  total  national  income  going  to  labor.  Since  wage  and 
salary  income  are  more  important  to  lower  than  higher 
income  groups,  and  conversely  for  returns  on  invest- 
ments, such  a  shift  would  suggest  some  equalization  in 
the  distribution  of  income. 

Even  without  this  effect,  which  is  admittedly  quite 
speculative,  there  are  other  reasons  for  suspecting  that 
slower  population  growth  could  imply  a  more  equal 


income  distribution.  Specifically,  more  unwanted  births 
appear  to  have  occurred  historically  among  poorer 
families.  Thus,  the  reduction  of  family  size  from  slower 
population  growth  may  be  greater  for  these  lower 
income  families.  In  the  late  1960's,  in  fact,  the  birthrate 
for  women  in  families  with  incomes  of  less  than  $5,000 
per  annum  declined  by  over  15  percent  more  than  for 
the  rest  of  our  society.  The  poor  still  have  a  higher 
birthrate  than  the  middle  classes— but  the  recent  trends 
suggest  that  this  discrepancy  may  be  disappearing.  Thus, 
even  if  family  or  household  incomes  do  not  go  up 
relatively  more  rapidly  for  poor  families  in  the  future— 
and  as  we  have  just  noted  there  are  some  reasons  for 
suspecting  that  they  may— the  per  capita  income  avail- 
able to  members  of  lower  income  families  could  rise 
relatively  because  their  family  sizes  will  shrink  relatively 
rapidly. 

Another  economic  benefit  that  we  might  derive 
from  slower  population  growth  would  be  some  simplifi- 
cation of  the  structural  problems  we  now  seem  to  face 
in  absorbing  labor  force  growth.  This,  in  turn,  could 
reduce  the  intensity  and  frequency  of  certain  classes  of 
unemployment  problems  that  now  bedevil  our  society. 
Many  of  our  present  unemployment  difficulties,  for 
example,  are  due  to  a  sharp  rise  in  unemployment  of 
teenagers  and  those  in  their  early  twenties  who  are  now 
a  larger  and  increasing  proportion  of  our  society  because 
of  the  post-war  baby  boom.  To  illustrate  what  this 
means,  consider  the  years  1949  and  1971  which  had 
virtually  identical  overall  unemployment  rates,  5.9 
percent.  In  1971,  however,  the  16-  to  24-year-old 
unemployment  rate  was  12.7  percent,  while  in  1949  it 
was  10.8  percent.  And  again,  do  not  forget  that  the 
higher  percentage  rate  in  1971  was  applied  to  a  larger 
portion  of  the  total  population  than  in  1949.  Or,  to  put 
the  matter  slightly  differently,  if  we  were  to  calculate 
the  ratio  of  unemployment  rates  for  those  16  to  19 
years  of  age  to  the  unemployment  rate  for  those  25 
years  and  over,  we  would  find  that  the  annual  average  of 
this  ratio  was  approximately  three  times  higher  in  the 
late  1960's  than  it  was  in  1949  or  1950;  indeed,  this 
ratio  even  in  1960  was  3.27,  while  at  the  end  of  the 
1960's  it  was  almost  6.0.  Slower  population  growth 
implies  (though  it  does  not  guarantee  for  reasons  that 
are  outlined  elsewhere  in  this  Report)  a  steadier  and 
relatively  smaller  flow  of  young  people  into  the  labor 
market  and  this  in  turn  should  simplify  planning  their 
absorption  into  the  labor  force. 

It  should  be  stressed,  though,  that  reduced  entry 
pressures  on  labor  markets  from  slower  population 
growth  will  not  be  realized  quickly.  Again,  there  is  the 
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momentum  created  by  the  post-war  baby  boom.  Thus, 
the  level  of  new  entrants  into  the  labor  force  during  the 
1970's  should  average  approximately  3.5  milhon  or 
almost  700,000  persons  per  year  more  than  the  annual 
average  for  the  1960's.  By  the  1980's,  however,  growth 
in  the  number  of  labor  force  entrants  should  be 
nominal.  What  happens  in  the  1990's,  of  course, 
depends  on  what  our  birthrates  in  the  1970's  actually 
prove  to  be. 

Adversities,  of  course,  can  flow  from  slower 
population  growth  as  well  as  advantages.  For  example, 
some  economists  advised  the  Commission  that  slower 
population  grovrth  might  complicate  the  problem  of 
maintaining  full  employment  in  our  economy.  An  equal 
number  of  economists  advising  us  said  just  the  opposite. 
As  just  noted,  slower  population  growth  might  as  well 
simplify  as  complicate  certain  aspects  of  achieving  full 
employment.  So,  on  balance,  it  would  seem  that  the 
Commission  was  correct  in  concluding  that  unemploy- 
ment would  not  be  a  serious  consequence  of  slower 
population  growth.  In  essence,  an  unemployment 
problem  can  be  solved  by  wise  fiscal  and  monetary 
policies.  Slower  population  growth  is  a  very  cumber- 
some and  imperfect  substitute  for  such  wisdom. 

Another  difficulty  of  slower  population  growth 
noted  by  the  Commission  is  that  an  older  labor  force 
may  lack  the  vigor  or  flexibihty  to  keep  productivity 
growing  at  historic  rates.  A  question  also  arises  of 
whether  a  work  force  more  uniformly  distributed  by  age 
brackets  will  provide  as  many  incentives  (opportunities 
for  promotion)  as  the  present  pyramidal  age  structure. 
In  essence,  a  more  uniform  distribution  of  workers  by 
age,  while  it  may  simplify  certain  absorption  problems 
at  the  lower  end  of  the  age  spectrum,  may  create  new 
structural  problems  elsewhere  in  the  system. 

Clearly,  one  approach  to  solving  such  new 
problems  is,  as  the  Commission  suggested,  development 
of  new  and  better  programs  of  continuing  education. 
The  required  structural  adaptation  may  necessitate 
certsiin  other  changes  as  well,  such  as  reinforcement  of 
the  basic  market  or  pricing  mechanisms  in  our  economy 
which  we  depend  on  for  the  realignment  of  resources 
and  economic  activities. 


Separate  Statement  of  Grace  Ollvarez 

To  brush  aside  a  separate  statement  on  the  issue  of 
abortion  on  the  grounds  that  it  is  based  on  religious  or 
denominational  "hang-ups"  is  to  equate  abortion— a 
matter    of    life    and    death— with    simpler    matters    of 


religion  such  as  observance  of  the  Sabbath,  dietary 
restrictions,  abstention  from  coffee  and  alcoholic 
beverages,  or  other  similar  religious  observances.  I  prefer 
to  believe  that  even  nonreligious  persons  would  be 
concerned  with  the  issue  of  life  and  death,  even  as  to 
the  unborn. 

My  opposition  to  legalized  abortion  is  based  on 
several  concerns  that  touch  a  variety  of  issues,  not  the 
least  of  which  is  the  effect  such  a  law  would  have  on 
milhons  of  innocent  and  ill-informed  persons.  These 
concerns  center  around  the  rights  of  women  to  control 
their  own  bodies,  the  rights  of  the  unborn  child,  the 
poor  in  our  society,  the  safety  of  abortion,  our 
country's  commitment  to  preventive  as  opposed  to 
remedial  measures,  and  our  future  as  a  democratic 
society . 

Rights  of  Women  to  Control  Their  Own  Bodies 

I  fail  to  understand  the  argument  that  women  have 
a  right  to  control  their  own  bodies.  Control  over  one's 
body  does  not  stem  from  a  right,  but  depends  on 
individual  self-image  and  a  sense  of  responsibility.  I  am 
not  referring  to  the  victim  of  rape  or  incest.  And  I  am 
not  referring  to  the  poor  for  whom  contraceptive 
services  and  techniques  are  not  as  accessible  as  we  would 
want  them  to  be. 

With  the  recent  advances  in  contraceptive  tech- 
nology, any  woman  who  so  desires  is  better  able  to 
control  her  fertility  in  a  more  effective  way  than  has 
ever  before  been  available.  I  accept  the  argument  that, 
aside  from  total  abstention,  there  is  no  perfect  contra- 
ceptive; but  no  one  can  argue  that  effective  contra- 
ceptives are  more  available  now  than  ever  before,  but 
are  effective  only  if  used.  Personal  and  contraceptive 
failures  do  not  give  women  the  "right"  to  correct  or 
eliminate  the  so-called  "accident"  by  destroying  the 
fetus. 

Advocacy  by  women  for  legalized  abortion  on  ^ 
national  scale  is  so  anti-women's  liberation  and  women's 
freedom  that  it  flys  in  the  face  of  what  some  of  us  are 
trying  to  accomplish  through  the  women's  movement, 
namely,  equality— equahty  means  an  equal  sharing  of 
responsibilities  by  and  as  men  and  women. 

With  women  already  bearing  the  major  burden  for 
the  reproductive  process,  men  have  never  had  it  so  good. 
Women  alone  must  suffer  the  consequences  of  an 
imperfect  contraceptive  pill— the  blood  clots,  severe 
headaches,  nausea,  edema,  etc.  Women  alone  endure  the 
cramping  and  hemorrhaging  from  an  intrauterine  device. 
No  man  ever  died  from  an  abortion. 
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A  more  serious  question  is  thie  kind  of  future  we  all 
have  to  look  forward  to  if  men  are  excused  either 
morally  or  legally  from  their  responsibility  for  participa- 
tion in  the  creation  of  life.  Women  should  be  working  to 
bring  men  into  the  camp  of  responsible  parenthood,  a 
responsibility  that  women  have  had  to  shoulder  almost 
alone.  Perhaps  in  our  eagerness  for  equality,  we  have,  in 
fact,  contributed  to  the  existing  irresponsible  attitude 
some  men  have  toward  their  relationsh-p  to  women  and 
their  offspring.  Legalized  abortion  will  free  those  men 
from  worrying  about  whether  they  should  bear  some 
responsibility  for  the  consequences  of  sexual 
experience.  In  the  matter  of  divorce  where  children  are 
involved,  for  instance,  very  few  men  fight  or  even  ask 
for  custody  of  their  children.  It  is  customary  to  measure 
their  responsibility  in  terms  of  dollars  and  cents,  rather 
than  in  terms  of  affection,  attention,  companionship, 
supervision,  and  warmth. 

And  laymen  are  not  the  only  ones  who  reflect  this 
attitude.  Blame  must  also  be  placed  on  churchmen,  who 
throughout  the  tumult  and  controversy  surrounding 
legalized  abortion,  have  expressed  their  concern  only  as 
abortion  affects  the  moral  and  psychological  problems 
of  women,  adroitly  avoiding  the  issue  of  man's  respon- 
sibility to  decisions  connected  with  his  role  in  the 
reproductive  process. 

Abortion  After  Rape  and  Incest 


rape,  abortion  in  this  instance  is  punishing  the  child  and 
the  young  girl. 

Rights  of  the  Unborn  Child 

In  relation  to  the  rights  of  the  unborn  child,  we 
seem  to  be  confused  as  to  the  meaning  of  human  life 
before  and  after  birth.  The  fetus  does  not  become  "a 
life"  at  a  specific  magic  moment  in  the  process  of 
development.  Some  biologists  support  the  foregoing  and 
I  quote  from  one  of  them: 

Everyone  of  the  higher  animals  starts  life  as  a 
single  cell— the  fertilized  ovum.  .  .  .  The  union 
of  two  such  sex  cells  (male  germ  cell  and 
female  germ  cell)  to  form  a  zygote  constitutes 
the  process  of  fertilization  and  initiates  the 
life  of  a  new  individual."  [Emphasis  mine.] 
[Bradley  M.  Patten,  Foundations  of  Embryol- 
ogy, New  York:  McGraw-Hill,  1964,  page  2.) 

Neither  is  it  a  "mass  of  cells,"  as  anyone  who  has 
witnessed  an  abortion  can  testify  to.  Having  witnessed 
some  abortions,  I  would  ask  those  in  favor  of  abortion 
to  visit  any  hospital  where  abortions  are  performed  and 
request  permission  to  see  an  aborted  fetus.  It  will  not  be 
intact  unless  the  abortion  was  performed  by  the  saline 
method.  Then  it  will  be  pickled,  but  intact. 


Pregnancy  as  a  result  of  forcible  rape  is  not 
common.  As  a  rule,  forcible  rape  involves  a  struggle,  the 
effects  of  which  can  be  outwardly  detected.  An  observ- 
ing parent  or  adult  can  detect  the  effects  of  such  a 
struggle  in  a  young  girl.  There  is  a  personal  responsi- 
bility for  reporting  such  assaults.  To  shirk  this  duty 
under  the  guise  of  privacy,  pride,  or  dignity  is  to  permit 
abuses  to  go  unpunished  and  to  condemn  an  innocent 
girl  to  live  in  anguish  through  no  fault  of  her  own. 
Forcible  rape  should  be  reported  as  the  crime  that  it  is. 
Under  such  circumstances,  the  victim  is  given  medical 
attention  and  medication  that  can  prevent  her  from 
getting  pregnant. 

The  key  words  in  the  definition  of  rape  are: 
"without  her  consent."  There  are  varying  degrees  of 
consent  and  resistance.  To  permit  abortion  because  a 
woman  has  had  a  change  of  mind  or  heart  after 
intercourse,  is  to  deny  justice  to  the  unborn  child. 

Generally  speaking,  incest  is  more  prevalent. 
Proving  incest  is  difficult.  Pregnancies  resulting  from 
incest  are  seldom  reported  or  recorded  as  such.  As  in 


"Wanted"  and  "Unwanted"  Fertility 

To  talk  about  the  "wanted"  and  the  "unwanted" 
child  smacks  too  much  of  bigotry  and  prejudice.  Many 
of  us  have  experienced  the  sting  of  being  "unwanted" 
by  certain  segments  of  our  society.  Blacks  were 
"wanted"  when  they  could  be  kept  in  slavery.  When 
that  ceased,  blacks  became  "unwanted"— in  white 
suburbia,  in  white  schools,  in  employment.  Mexican- 
American  (Chicano)  farm  laborers  were  "wanted"  when 
they  could  be  exploited  by  agri-business.  Chicanos  who 
fight  for  their  constitutional  rights  are  "unwanted" 
people.  One  usually  wants  objects  and  if  they  turn  out 
to  be  unsatisfactory,  they  are  returnable.  How  often 
have  ethnic  minorities  heard  the  statement:  "If  you 
don't  like  it  here,  why  don't  you  go  back  to  where  you 
came  from?"  Human  beings  are  not  returnable  items. 
Every  individual  has  his/her  rights,  not  the  least  of 
which  is  the  right  to  life,  whether  born  or  unborn. 
Those  with  power  in  our  society  cannot  be  allowed  to 
"want"  and  "unwant"  people  at  will. 
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The  Poor  in  Our  Society 

I  am  not  impressed  nor  persuaded  by  those  who 
express  concern  for  the  low-income  woman  who  may 
find  herself  carrying  an  unplanned  pregnancy  and  for 
the  future  of  the  unplanned  child  who  may  be  deprived 
of  the  benefits  of  a  full  life  as  a  result  of  the  parents' 
poverty,  because  the  fact  remains  that  in  this  affluent 
nation  of  ours,  pregnant  cattle  and  horses  receive  better 
health  care  than  pregnant  poor  women. 

The  poor  cry  out  for  justice  and  equality  and  we 
respond  with  legalized  abortion. 

The  Commission  heard  enough  expert  testimony  to 
the  effect  that  increased  education  and  increased  earn- 
ings result  in  lower  fertility  rates.  In  the  developed 
countries  of  the  world,  declining  fertility  rates  are 
correlated  with  growing  prosperity,  improved  educa- 
tional facilities  and,  in  general,  overall  improvement  in 
the    standard    of    living. 

But  it  is  not  necessary  to  go  beyond  our  own 
borders  to  verify  this  contention.  Current  data  indicate 
that  the  same  holds  true  for  minority  groups  in  this 
country.  The  higher  the  education  attained  by 
minorities  and  the  broader  the  opportunities,  the  lower 
the  fertility  rate. 

Thus,  the  sincerity  of  our  concern  for  population 
growth  (because  of  its  effect  on  the  quality  of  life  for  all 
people)  will  be  tested,  if,  in  the  face  of  incontrovertible 
facts,  we  move  rapidly  to  utilize  alternatives  to  abortion 
in  order  to  reduce  fertility. 

The  Safety  of  Abortion 

The  general  public  has  not  been  given  all  the  facts 
on  the  demgers,  risks,  and  side  effects  resulting  from 
abortion.  On  the  contrary,  we  have  been  told  that 
abortion  is  a  "safe  and  simple"  procedure,  as  easy  as 
"extracting  a  tooth." 

These  are  the  facts.  In  Japan,  Hungary,  Yugoslavia, 
Sweden,  England,  and  the  United  States,  studies  and 
surveys  indicate  that  abortions  are  not  that  safe. 

In  Japan,  for  example,  a  survey  conducted  in  1969 
by  the  Office  of  the  Prime  Minister  revealed  an 
increasing  percentage  of  seven  different  complaints 
reported  by  women  after  abortion.  These  include 
increases  in  tubal  pregnancies,  menstrual  irregularities, 
abdominal  pain,  dizziness,  headaches,  subsequent  spon- 
taneous miscarriage,  and  sterility. 

Although  one  could  argue  that  abdominal  pain, 
dizziness,  and  headaches  can  be  experienced  by  anyone, 
sterility,  tubal  pregnancy,  and  subsequent  miscarriages 


are    after-effects    that    have    been    reported    in    other 
countries. 

From  the  Hungarian  Women's  Journal,  April  17, 
1971,  No.  16,  come  the  following  statistics: 

At  every  87th  abortion,  surgery  (uterus) 
perforation  occurs. 

At  every  40th  abortion,  hemorrhaging  compli- 
cations set  in,  to  such  degree  that  the  woman 
has  to  be  hospitalized  and  again  requires 
medical  help. 

Every  5  5  th  abortion  is  followed  by 
inflammation. 

Totaled  up,  this  means  that  complications  can  be 
expected  at  every  25th  abortion;  or,  out  of  every 
100,000  abortions,  4,000  patients  must  be  hospitalized 
and  require  close  medical  attention.  There  were  12 
maternal  deaths  out  of  278,122  abortions  recorded  in 
New  York  after  abortion  became  available  on  request. 

Dr.  Donald  L.  Hutchinson,  Chief  of  the  Depart- 
ment of  Obstetrics  and  Gynecology  at  the  University  of 
Pittsburgh  School  of  Medicine,  was  quoted  in  the  Los 
Angeles  Times,  February  16,  1971,  as  follows: 

A  survey  of  complications  following  1,400 
therapeutic  abortions  showed  that  about  10%, 
or  140,  of  the  women  had  significant  medical 
complications  follovring  the  procedure.  The 
most  serious  complication  was  one  death 
which  occurred  during  surgery  made  neces- 
sary by  the  failure  of  the  method— injection 
of  salt— used  to  induce  the  abor- 
tion. .  .  .  Among  1000  women  aborted  by  the 
"D  and  C"  method  (dilation  and  curettage) 
there  were  six  that  required  major  surgery  as  a 
result  of  laceration  of  the  wall  of  the  womb. 
In  several  cases  the  womb  had  to  be  removed. 
Among  the  400  women  on  whom  the  salt 
solution  injections  were  used,  the  most 
serious  complications  resulted  from  the  injec- 
tion of  the  solution  into  blood  vessels.  In 
three  other  cases  there  was  evidence  that  the 
salt  had  gotten  into  the  circulatory  system 
and  had  been  carried  around  the  body.  ...  in 
another  case  there  were  transient  signs  of 
brain  damage  while  other  cases  included 
infections  and  the  loss  of  blood  through 
hemorrhaging,  with  the  result  that  5%  of  the 
1,400  required  blood  transfusions. 
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Numerous  other  statistics  on  the  after-effects  of 
abortion  exist,  but  are  not  included  for  lack  of  space. 
However,  the  New  York  experience,  which  is  being 
touted  as  "highly  successful"  cannot  go  unchallenged. 

Mr.  Gordon  Chase,  New  York  City  Health  Services 
Administrator,  in  testimony  before  the  Commission's 
hearings  in  New  York  City  on  September  27,  1971, 
reported  that  New  York  had  experienced  a  birth  decline 
since  the  advent  of  the  abortion  law.  The  fact  is  that  the 
entire  nation  experienced  a  birth  decline  during  the 
same  period  without  legalized  abortion. 

The  reduction  in  maternal  deaths  in  New  York,  as 
reported  by  Mr.  Chase,  was  credited  to  abortions.  This  is 
an  assumption  and  not  a  proven  fact.  The  decline  in 
birthrates  obviously,  in  itself,  accounts  for  the  decline  in 
maternal  mortality.  Besides,  maternal  mortality  dechned 
throughout  the  country. 

Recent  statistics  indicate  that  over  60  percent  of 
abortions  performed  in  New  York  were  performed  on 
out-of-state  residents.  Complications  and  deaths 
occurring  as  a  result  of  abortions  performed  in  New 
York  on  out-of-state  women  would  not  be  recorded  in 
New  York;  therefore,  any  New  York  statistics  on  the 
safety  of  abortion  are  challengeable  at  every  level. 
Statistics  can  be  categorized  in  different  ways  to 
support  different  conclusions. 

Infant  mortality  rates  are  not  reduced  by  killing  an 
unborn  child.  How  sad  and  incriminating  that  quality 
health  facilities  and  services,  denied  to  the  poor  for  lack 
of  money,  are  being  used  for  performing  abortions 
instead  of  being  utilized  for  healing  of  the  sick  poor. 
But  then,  one  represents  a  profit  and  the  other  an 
expense.  It  is  all  a  matter  of  values. 

Our  Commitment  to  Preventive  Measures 

Although  we  pride  ourselves  on  being  a  nation  that 
believes  in  "a  stitch  in  time  saves  nine,"  we  really  do  not 
practice  it.  The  Commission's  Report  includes  a  section 
on  "Methods  of  Fertility  Control"  which  I  consider  an 
excellent  expose  of  this  nation's  lack  of  commitment  to 
the  development  of  safer  and  more  effective  preventive 
measures  for  fertility  control.  If  it  is  true  that  this 
society  does  not  want  to  see  abortion  used  as  a  means 
for  population  control,  then  I,  for  one,  will  expect  an 
immediate  and  dramatic  allocation  and  distribution  of 
resources  into  the  field  of  research  on  reproductive 
physiology;  the  development  of  safer,  more  effective, 
and  more  acceptable  methods  of  fertility  control  for 
everyone— men  and  women— plus  wide-scale  distribution 
of    same    throughout    the    country.    The    degree    of 


swiftness  this  nation  employs  in  moving  in  that  direc- 
tion will  measure  the  extent  of  its  commitment  to  check 
population  growth  through  preventive  measures  and  not 
vrith  abortion. 

Our  Future  as  a  Democratic  Society 

The  ease  with  which  destruction  of  life  is 
advocated  for  those  considered  either  socially 
useless  or  socially  disturbing  instead  of  educa- 
tional or  ameliorative  measures  may  be  the 
first  danger  sign  of  loss  of  creative  liberty  in 
thinking,  which  is  the  hallmark  of  a  demo- 
cratic society.  (Leo  Alexander,  M.D.,  The  New 
England  Journal  of  Medicine,  Vol.  241,  July 
14,1949.] 

In  order  to  persuade  the  citizen  that  he 
controls  his  destiny,  that  morality  informs 
decisions  and  that  technology  is  the  servant 
rather  than  the  driving  force,  it  is  necessary 
today  to  distort  information.  The  ideal  of 
informing  the  public  has  given  way  to  trying 
to  convince  the  public  that  forced  actions  are 
actually  desirable  action.  ...  we  are  consent- 
ing to  our  own  deepening  self-destruction. 
[Ivan  Illich,  Celebration  of  Awareness,  New 
York:  Anchor  Books,  Doubleday  &  Co.,  Inc., 
page  4.) 

When  one  considers  that  medical  science  has  developed 
four  different  ways  for  killing  a  fetus,  but  has  not  yet 
developed  a  safe-for-all-to-use  contraceptive,  the  preced- 
ing quotes  cannot  be  dismissed  as  the  ramblings  of 
extremists. 

I  believe  that,  in  a  society  that  permits  the  life  of 
even  one  individual  (bom  or  unborn)  to  be  dependent 
on  whether  that  life  is  "wanted"  or  not,  all  its  citizens 
stand  in  danger. 

As  long  as  we  continue  to  view  abortion  as  a 
solution,  we  will  continue  to  avoid  facing  the  real 
issue— that  abortion  treats  the  symptom  and  neglects 
the  disease.  When  you  consider  that  more  than  half  of 
all  abortions  performed  in  New  York  were  performed 
on  women  under  24  years  of  age  (and  not  on  "those 
unfortunate  women  who  could  not  face  the  prospect  of 
still  another  child"),  you  begin  to  get  a  glimpse  of  one 
aspect  of  the  "disease."  When  you  consider  the  current 
rush  to  reform  the  welfare  system  because  the  cost  has 
gotten  out  of  hand  supposedly  as  a  result  of  "all  those 
children  being  bom  to  those  lazy  women,"  but  subsidies 
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to  profit-making  entities  suffer  not  one  iota,  one  begins 
to  get  a  glimpse  of  the  disease. 

When  all  of  our  people  have  access  to  the  same 
benefits,  advantages,  and  opportunities,  abortion  will 
not  be  necessary. 

Separate  Statements  of  James  S.  Rummonds 

ITie  Immediate  Goal 

I  do  not  agree  that  "the  policies  recommended 
here  all  lead  in  the  right  directions  for  this  nation,  and 
generally  at  low  costs."  It  seems  to  me  that  too  many  of 
the  policies  we  have  recommended,  both  explicitly  and 
implicitly,  are  in  the  wrong  direction  and  have  heavy 
social-psychological-environmental  costs  associated  with 
them.  I  believe  that  it  is  critically  important  that 
population  growth  be  stabihzed.  To  this  end,  I  concur 
with  Dr.  Lee  A.  DuBridge,  President  Nixon's  former 
science  advisor,  who  wrote:  "The  prime  task  of  every 
human  institution  should  be  to  halt  population 
growth  .  .  .  the  first  great  challenge  of  our  time  is 
insuring  that  there  are  no  more  births  than  deaths. 
Every  human  institution,  school,  university,  church, 
family,  government,  and  international  agency,  should 
set  this  as  its  prime  task."  In  addition  to  this  concern 
for  population  stabilization,  I  must  go  beyond  and  say 
that  the  present  size  and  distribution  of  the  population 
in  the  United  States  is  inconsistent  with  the  traditional 
values  of  individual  freedom,  individual  justice,  and  the 
true  spirit  of  democracy.  Thus,  the  population  problem 
has  a  broader  dimension.  As  stated  in  the  introduction, 
the  population  issue  raises  profound  questions  of  what 
people  want,  what  they  need,  and  what  people  are  for. 
It  is  against  this  broader  perspective  that  we  have  to 
measure  the  cost  and  direction  of  our  population 
policies. 

A  common  thread  which  underlies  many  aspects  of 
the  "population  problem"  is  the  rapid  growth  of  urban 
areas  of  unprecedented  size.  The  rapid  rate  and  extent 
of  population  concentration  is  clearly  illustrated  in  the 
growth  of  urban  areas  of  one  million  or  more  people: 


Year 


Number  of  such  areas 


Percent  of 
total  population 


1940 

12 

1960 

23 

1980 

39 

2000 

44 

28 
3B 
54 
63 


If  we  had  wished  to  avoid  this  massive  concentra- 
tion of  people  we  could  have  done  so  by  avoiding,  not 
only  population  growth,  but  economic  growth.  Our 
huge  urban  areas  are  essentially  creatures  of  economic 
forces  evolved  for  economic  ends.  The  motivating  forces 
have  been  economies  of  scale,  specialization  and  division 
of  labor,  profit  to  the  developer,  and  efficiency  in 
production.  Thus,  there  is  a  direct  linkage  between  our 
economy  and  population  problems. 

The  result  of  these  unbridled  economic  forces  has 
been  the  creation  of  an  almost  totally  man-made  li'/ing 
environment— built  initially  by  economic  necessity  and 
now  reflective  of  only  a  narrow  portion  of  the  full  range 
of  human  needs  and  concerns.  As  we  rapidly  become  a 
nation  that  is  Jilmost  totally  urban-industrial,  our 
man-made  environments  will  increasingly  shape  our 
individual  and  collective  behavior.  Since  we  are  pres- 
ently products  of  environments  of  our  own  uncertain 
and  narrow  making,  it  seems  obvious  we  had  best  be 
sure  we  are  "making  man"  deliberately  and  consonant 
with  his  highest  human  potentials  in  the  future. 

In  earlier  times,  our  deference  to  economic  forces 
for  ordering  our  existence  was  necessitated  by  the 
struggle  for  subsistence.  The  pressure  for  sheer  physical 
survival  in  an  agriculturally  based  economy  made  a 
virtue  of  pursuing  one's  own  competitive  self-interest. 
However,  our  rapidly  increasing  affluence  makes  survival 
concerns  more  and  more  inappropriate  as  goals  aroimd 
which  to  order  our  lives.  The  decreasing  importzmce  of 
survival  concerns  is  reflected  in  the  growth  of  our  real 
family  incomes  which  were  roughly  $2,400  in  1939, 
$9,400  in  1969,  and  are  expected  to  be  in  excess  of 
$21,000  by  the  year  2000.  Another  indication  of  our 
new-found  affluence  is  shown  by  the  fact  that  the 
proportion  of  the  population  in  poverty  has  dropped 
from  roughly  60  percent  in  1929  to  12  percent  today. 

It  seems  clear,  then,  that  a  few  select  nations  are 
rapidly  entering  a  new  age  of  human  history  where  an 
increasing  majority  will  live  far  beyond  subsistence. 
However,  our  present  values  and  institutions  have  been 
evolved  for  the  express  purpose  of  coping  with  the 
problem  of  marginal  survival.  Now,  man  has  suddenly 
been  deprived  of  his  traditional  economic  purpose.  We 
have  been  caught  off  guard  by  our  success.  We  have  only 
begun  to  realize  how  far  we  have  come,  let  alone  to 
think  what  might  lie  beyond.  Thus,  the  fundamental 
question  of  our  time  arises:  Are  our  contemporary 
values  and  institutions,  inherited  from  a  subsistence  era, 
adequate  or  even  desirable  in  coping  with  the  problems 
and  potentials  of  relative  affluence,  sophisticated  tech- 
nologies, and  huge  population  agglomerations?  There  is 
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mounting  evidence  which  suggests  that  our  continued 
rehance  upon  traditional  economic  forces  will  lead  us 
into  a  population  distribution  future,  as  well  as  a  larger 
American  future,  that  is  neither  wanted  nor  desirable. 

Economic — Research  data  show  that  our 
larger  urban  areas  are  growing  because  of  the 
momentum  of  natural  increase  and  in- 
migration  rather  than  because  of  any  signifi- 
cant economies  of  scale  associated  with  their 
size.  It  appears  that  an  urban  place  of 
200,000  people  is  as  efficient  as  one  of  several 
million.  Therefore,  the  economic  rationale  for 
allowing  the  size  of  our  urban  areas  to 
increase  is  marginal  at  best. 
Political— Vie  value  our  democratic  processes; 
yet,  other  things  being  equal,  it  appears  to  be 
more  difficult  to  exercise  our  democratic 
prerogatives  as  the  size  of  the  political  unit 
increases.  First,  as  the  number  of  citizens 
increases,  the  time  that  can  be  spent  with  any 
one  of  them  by  a  government  official 
decreases.  Second,  as  urban  size  increases, 
there  is  a  more  than  proportionate  increase  in 
public  service  demanded;  thereby  putting  an 
even  greater  burden  upon  the  democratic 
processes.  Third,  with  size  comes  a  com- 
plexity which  makes  it  increasingly  difficult 
for  the  average  citizen  to  maintain  the  "rel- 
ative political  maturity"  necessary  to  effec- 
tively participate  in  the  decision-making 
processes.  Fourth,  the  trend  toward  metro- 
politan government  will  aggravate  the  first 
three  impediments  to  a  "grass-roots" 
democracy. 

Social— VJe  tend  to  judge  the  "goodness"  of 
our  urban  concentrations  by  whether  or  not 
they  seem  to  induce  such  behavioral  extremes 
as  criminality,  mental  illness,  high  divorce 
rates,  etc.  The  few  crude  studies  that  have 
been  conducted  have  been  largely  inconclu- 
sive but  the  implicit  conclusion  has  been: 
since  our  big  cities  don't  produce  much  bad 
behavior,  they  therefore  must  be  good  places 
to  live.  However,  since  man  is  so  highly 
adaptable,  he  can  tolerate  very  undesirable 
environments  without  exhibiting  pathological 
behavior.  Clearly,  reliance  upon  crude 
"tolerance"  indicators  to  measure  our  social 
well-being  will  insure  our  living  in  an  environ- 
ment without  the  beauty  and  serenity  of  the 


countryside,  without  the  stability  and  sense 
of  community  of  a  small  town,  and  within  the 
culturally  desolate  confines  of  a  homogeneous 
suburban  social  layer. 

Environmental— It  has  been  conclusively 
documented  in  the  Commission's  research 
that  large  population  agglomerations  aggra- 
vate enviromental  problems.  This  includes 
increasing  air  pollution,  increasing  noise  pollu- 
tion, decreasing  access  to  open  spaces,  increas- 
ing travel  time  to  work,  increasing  respiratory 
ailments,  and  adverse  climatic  changes.  To 
make  things  worse,  our  research  has  also 
shown  that  it  is  oftentimes  more  expensive  to 
cope  with  these  difficulties  in  a  larger  urban 
environment. 

Diversity— Vie  value  diversity  as  a  precondi- 
tion to  freedom  since  freedom  of  choice  is 
meaningless  without  something  to  choose 
from.  And  yet,  a  continuation  of  present 
distribution  trends  will  largely  narrow  living 
choices  to  large  urban  agglomerations  and  will 
thereby  ehminate  a  major  element  of  diversity 
from  our  lives. 

Opinion  Polls— We  are  becoming  an  increas- 
ingly urban  nation  against  the  will  of  an 
absolute  majority  of  the  population.  Our 
opinion  poll  survey  showed  that  53  percent  of 
the  population  preferred  a  small  town  or 
country  environment.  Over  50  percent  wanted 
the  federal  government  to  slow  the  growth  of 
the  large  urban  areas  and  over  50  percent 
wanted  the  federal  government  to  encourage 
grovrth  of  smaller  places.  Implementation  of 
policies  consistent  with  these  preferences 
would  give  people  a  greater  diversity  of  living 
environments  to  choose  from. 

It  seems  clear,  then,  that  we  are  blundering  into  a 
population  distribution  pattern  which  is  unwanted  by 
the  majority  of  Americans.  Historically,  the  pattern  of 
urbanization  has  been  a  by-product  of  the  economic 
imperatives  of  industrialization.  Thus,  we  have  trusted 
the  control  of  our  population  distribution  patterns 
largely  to  the  workings  of  the  marketplace.  Only  now 
are  we  learning  the  central  weakness  of  the  market 
system:  The  market  has  no  inherent  direction,  no 
internal  goal  other  than  to  satisfy  the  forces  of  supply 
and  demand.  With  increasing  abundance  the  market 
system  continues  to  direct  human  activities  into  accus- 
tomed economic  channels— yielding  an  increasing  pro- 
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duction  and  consumption  of  an  ever  larger  volume  of 
ever  less  valued  goods.  Robert  Heilbroner  notes  that 
*'.  .  .  the  danger  exists  that  the  market  system,  in  an 
environment  of  genuine  abundance,  may  become  an 
instrument  which  liberates  man  from  real  want  only  to 
enslave  him  to  purposes  for  which  it  is  increasingly 
difficult  to  find  social  eind  moral  justification."  What  is 
required,  then,  is  a  realization  that  to  solve  the 
"population  problem"  requires  us  to  create  a  new 
relationship  between  the  economic  aspects  of  existence 
and  human  hfe  in  its  totality.  Our  affluence  not  only 
makes  it  possible  but  makes  it  imperative  that  we  go 
beyond  strictly  economic  concerns  and  become  creative 
architects  rather  than  passive  pawns  of  our  own  environ- 
ment. What  we  need  as  a  starting  point  are  national 
goals  or  guiding  principles  which  go  beyond  a  concern 
for  mere  quantity— in  short  a  quality  of  life  manifesto.  I 
present  the  following  as  a  suggestive  hsting  of  those 
individual  and  collective  goals  we  might  want  to  pursue 
as  we  become  a  post-industriaJ  society: 

1.  Efficiency:  Efficient  production  is  desirable  but 
not  so  desirable  that  in  an  affluent  society  it  should  take 
precedence  over  higher  human  values.  In  other  words, 
we  should  be  willing  to  accept  some  economic  ineffi- 
ciency as  an  inevitable  but  necessary  price  in  realizing 
noneconomic  values. 

2.  Growth:  Just  as  population  growth  can  reach 
disastrous  proportions,  so  can  economic  growth.  For 
example,  if  the  rest  of  the  world  were  consuming  at  our 
level,  we  would  quickly  exhaust  available  resources.  Our 
continued  high  rates  of  growth  are  predicated  upon 
continuing  disparities  among  nations  of  the  rest  of  the 
world.  Therefore,  we  need  to  moderate  our  growth  ethic 
and  begin  to  create  the  society  envisioned  by  John 
Stuart  Mill: 


growth  as  those  less  advantaged  note  their  relative  rather 
than  absolute  income  position.  A  reduction  in  inequity 
is  a  necessary  precondition  to  justice  as  well  as  to  the 
gradual  attainment  of  a  dynamic,  steady  state  economy. 

4.  Democracy:  Big  business  requires  big  govern- 
ment to  control,  big  unions  to  bargain  effectively,  and 
big  cities  as  productive  economic  mechanisms.  In  each 
case,  the  individual  comes  to  feel  that  he  just  "can't 
make  a  difference"  as  his  political  power  is  swamped  by 
huge,  complex  organizations.  Therefore,  if  we  prize  our 
democratic  processes,  we  had  best  be  willing  to  seek  a 
population  level  and  design  our  institutions  so  that  they 
are  compatible  with  democracy. 

5.  Environment:  We  can  no  longer  assume  the 
arrogant  role  of  mastery  over  nature;  rather,  we  must 
learn  to  live  in  balance  and  harmony  with  our  environ- 
ment. This  means  we  must  be  sensitive  to  the  possibility 
of  world  wide  depletion  of  resources  and  to  the 
domestic  aspects  of  environmental  degradation— 
particularly  in  our  large  urban  areas. 

6.  Life  Style:  Finally,  and  perhaps  most  impor- 
tant, we  need  to  insure  a  physical  environment  that  is 
conducive  to  a  variety  of  life  styles.  Underlying  this  is  a 
recognition  of  the  supremacy  of  the  individual.  This  was 
well  stated  by  the  Eisenhower  Commission  on  National 
Goals:  "The  first  national  goal  to  be  pursued  .  .  .  should 
be  the  development  of  each  individual  to  his  fullest 
potential.  .  .  .  Self -fulfillment  is  placed  at  the  sum- 
mit. ...  All  other  goods  aure  relegated  to  lower  orders  of 
priority  .  .  ."  But  what  conditions  are  most  conducive  to 
self-fulfillment?  Do  the  expressed  and  implied  policies 
in  this  report  enhance  the  creation  of  a  physical  and 
social  environment  compatible  with  human  actualiza- 
tion? Too  often  they  do  not.  The  following  points  will 
briefly  illustrate  why. 


...  in  which  while  no  one  is  poor,  no  one 
desires  to  be  richer,  nor  has  any  reason  to  fear 
being  thrust  back  by  the  efforts  of  others  to 
push  themselves  forward.  .  .  There  would  be 
as  much  scope  as  ever  for  all  kinds  of  mental 
culture,  and  moral  £md  social  progress;  as 
much  room  for  improving  the  Art  of  Living 
and  much  more  likelihood  of  its  being  im- 
proved, when  minds  ceased  to  be  engrossed 
by  the  art  of  getting  on. 

3.  Equity:  Elimination  of  poverty  in  an  affluent 
society  through  overall  increases  in  real  income  is  too 
slow  and  unjust.  Further,  large  disparities  in  income  will 
only  serve  to  encourage  further  demands  for  economic 


Work— Vie  have  become  a  very  productive 
society  but  at  great  expense  to  the  fulfillment 
to  be  gained  through  our  work.  Most  people 
are  now  alienated  from  their  work,  viewing  it 
only  as  a  means  of  acquiring  the  money  to 
satisfy  other  needs.  The  excessive  specializa- 
tion and  division  of  labor  deprives  the  worker 
of  a  sense  of  completion  and  purpose  in  his 
productive  process. 

Nature— Out  man-made  environments  have 
isolated  man  from  his  historical  habitat  and 
thus  deprived  him  of  an  important  life  per- 
spective. Whereas  the  agrarian  environment 
forced  a  reahzation  of  man's  finitude  in 
relation  to  the  ecologic  totality  of  the  earth, 
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the  urban  environment  allows  an  arrogance  of 
power  since  man  is  living  in  a  world  of  his 
own  making.  Seldom  is  there  a  sense  that  man 
'  has  not  created  all.  The  hubris  engendered  by 
this  anthropocentric  environmental  perspec- 
tive may  help  to  explain  our  current  despolia- 
tion and  disregard  for  that  seemingly  outside 
of  man's  created  domain. 

Community— In  our  search  for  personal  iden- 
tity through  goods  acquired  and  occupational 
status  achieved  we  have  been  willing  to  move 
to  wherever  there  were  the  greatest  economic 
opportunities.  These  high  rates  of  geographic 
mobility  in  search  of  social  status  have  de- 
stroyed our  sense  of  community. 

Fami/y— With  the  transition  to  an  urban- 
industrial  economy  we  have  had  to  forsake 
the  extended  family  since  it  was  no  longer  an 
economically  productive  mechanism.  With  its 
economic  reason  to  exist  undermined,  the 
social  rationale  was  noi  insufficient  to  insure 
its  continuity.  With  further  industrialization 
came  specialized  demands  for  education  and 
the  traditional  educational  role  of  the  family 
was  subsequently  lost  as  well.  Now,  with 
further  economic  "progress"  we  have  a  devel- 
oping interest  in  child-care  centers  for  work- 
ing mothers.  Although  I  can  grant  the  prag- 
matic desirability  of  such  institutions  within 
an  urban -industrial  context,  it  saddens  me  to 
think  that  we  may  soon  see  the  day  when  the 
last  significant  role  of  the  family— the  love 
and  warmth  of  the  mother— will  soon  disap- 
pear just  as  did  the  economic  and  educational 
roles. 

In  conclusion,  as  a  rural-agrarian  society,  we  had 
many  of  the  life  style  elements  that  we  now  look  for  in 
vain;  our  sense  of  belonging  to,  and  finding  identity  in, 
the  family  and  community,  knowing  that  there  was 
understanding,  concern,  and  compassion  deep  felt  by 
our  peers  and  neighbors,  and  being  able  to  exert 
influence  on  the  pohtical  and  economic  institutions  of 
our  community  and  society.  These  parts  of  our  lives  and 
more  are  being  lost  in  our  passion  for  affluence  and  in 
the  overwhelming  surge  of  sheer  numbers  of  people. 
Surely  it  is  time  for  those  in  control  of  our  political  and 
economic  institutions,  our  leaders,  to  begin  to  create 
conditions  wherein  the  highest  qualities  of  human 
existence  can  more  fully  come  to  fruition. 


The  Economy 

The  Commission  asks,  what  effect  will  slowing 
population  growth  have  on  the  health  of  the  economy? 
It  concludes,  with  minor  exceptions,  that  slowing 
population  growth  will  not  be  detrimental  to  the 
economic  interests  of  the  American  people.  The  Com- 
mission does  not  ask  what  effect  the  American  economy 
has  on  the  noneconomic  interests  and  values  of  the 
people  of  this  country  and  the  world;  a  world  increas- 
ingly characterized  by  overcrowding,  resource  depletion, 
ecological  imbalances,  and  individual  alienation.  Put 
another  way,  is  an  economic  system  predicated  on  the 
principles  of  productivity  and  efficiency  and  character- 
ized by  ever-increasing  concentration  of  the  ownership 
of  the  means  of  production,  capable  of  responding  to 
the  individual's  need  for  security,  purpose,  and  dignity? 
Is  an  economic  system  motivated  by  profit  and  oriented 
to  mass  consumption  as  an  end  in  itself  capable  of 
guarding  the  values  of  individuality,  family,  and  com- 
munity? 

While  the  Commission  is  correct  in  concluding  that 
slowing  population  growth  will  not  necessarily  prejudice 
economic  interests,  there  is  considerable  evidence  to 
suggest  that  the  system  itself  is  destructive  of  a  broad 
range  of  values  closely  held  by  the  American  people, 
including  the  job  security  of  significant  numbers  of 
people. 

Unemployment  will  continue  to  be  a  difficult 
problem  for  the  next  several  years.  The  reason  is  that 
the  rate  of  increase  in  the  supply  of  human  resources 
will  be  high,  and  continuing  competitive  pressure  for 
efficiency  will  reduce  demand  for  labor  per  unit  of  work 
output. 

The  best  predictor  of  the  increase  in  the  labor 
supply  each  year  is  the  number  of  people  born  about  20 
years  earlier.  In  1950,  about  3.65  million  people  were 
born  in  the  United  States,  and  these  people  entered 
labor  force  pool  about  20  years  later,  in  1970.  By  1955, 
births  had  increa.sed  to  4.13  million,  so  the  labor  force 
will  have  to  accommodate  more  new  laborers  in  1975 
than  in  1970  if  the  unemployment  rate  is  to  stay 
constant  at  its  present  level.  By  1957,  births  had 
reached  4.33,  so  by  1977,  the  labor  force  will  have  to 
accommodate  an  increase  of  almost  20  percent  over  the 
number  of  new  workers  as  in  1970. 

The  problem  of  absorbing  this  increasing  number 
of  new  workers  into  the  labor  force  each  year  will  be 
rendered  particularly  difficult  by  the  strong  pressure  for 
efficiency.  Each  year,  the  work  output  per  worker  is 
expected  to  increase.  This  means  that  the  number  of 
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workers  required  for  a  given  amount  of  work  is 
constantly  dropping.  Thus,  at  the  very  period  in  the 
nation's  history  when  a  great  many  new  jobs  are 
required,  the  pressure  for  efficiency  is  reducing  the 
demand  for  new  workers. 

The  magnitude  of  the  drop  in  demand  for  workers 
over  the  last  several  years  is  quite  surprising. 

For  example,  in  1950,  scheduled  air  carriers 
employed  8.1  personnel  for  every  million  revenue 
passenger  miles  of  transportation  provided.  By  1968, 
only  2.6  personnel  were  employed  to  provide  the  same 
amount  of  transportation. 

From  1950  to  1968,  the  number  of  men  employed 
in  the  oil  and  gas  industries  to  deliver  one  quadrillion 
British  Thermal  Units  of  energy  dropped  from  28.4  to 
11.5. 

From  1950  to  1969,  the  number  of  people 
employed  on  farms  to  deliver  100  units  of  farm  output 
decreased  from  11.6  to  3.8. 

This  tremendous  reduction  in  number  of  workers 
required  per  unit  of  work  delivered  in  all  existing 
industries  and  businesses  means  that  there  must  be  a 
tremendous  increase  in  the  number  of  new  enterprises  in 
the  next  10  years  if  unemployment  is  to  be  kept  at  a 
level  of  six  percent  of  the  labor  force. 

The  problem  is  compounded,  because  not  only  will 
there  be  continuing  reduction  in  the  number  of  workers 
per  unit  work  output,  but,  in  addition,  there  are  a 
number  of  major  industries  in  which  there  will  be  a 
reduction  in  the  amount  of  work  output,  because  of 
market  saturation. 

A  particularly  striking  example  is  the  aerospace 
industry.  In  1970,  the  total  number  of  jet  aircraft  used 
by  all  scheduled  airlines  in  the  world  was  only  about 
5,000  Boeing  707  equivalents.  In  1972,  at  least  seven 
major  new  models  of  large  jet  aircraft  are  being 
manufactured  in  several  countries.  The  number  of 
copies  of  these  models  that  would  have  to  be  produced 
in  order  for  the  manufacturers  to  yield  to  a  reasonable 
return  on  invested  capital  is  very  leu-ge.  In  fact,  the 
world  jet  fleet  would  have  to  be  at  least  doubled  from 
its  present  size.  Since  load  factors  (percent  of  seats 
filled)  in  commercial  scheduled  airlines  had  dropped  to 
less  than  50  percent  in  the  ejirly  1970's,  and  domestic 
demand  for  seats  only  increased  two  percent  in  1971,  it 
is  difficult  to  see  how  demand  for  new  models  of 
aircraft  can  hold  up.  Consequently,  there  will  probably 
be  still  more  layoffs  in  the  aerospace  industry  in  the 
next  few  years.  This  could  have  an  importamt  effect  on 
the  entire  economy,  for  two  reasons.  First,  the  industry 
uses   about   60,000   workers   for   each   new    model  of 


aircraft  manufactured;  this  is  about  one-tenth  of  one 
percent  of  the  entire  labor  force.  Second,  jet  aircraft  is 
the  most  important  single  export  item  of  the  nation. 
Slackening  of  sales  would  intensify  an  already  deteri- 
orating balance  of  trade  situation. 

These  problems  are  compounded  by  the  prospect 
of  increased  costs  resulting  from  environmental  deteri- 
oration and  escalating  demands  on  our  social  and 
political  institutions.  What  this  .suggests  is  that  demo- 
graphic trends,  like  environmental  pollution,  impose 
costs  that  the  market  economy  traditionally  has  exter- 
nalized or  failed  to  take  into  consideration.  That  the 
present  economic  system  is  no  longer  representative  of 
the  beneficial  interests  of  the  American  people  and  in 
fact,  in  conflict  with  the  material  conditions  of  the 
modern  world,  should  not  be  discounted. 

Government 

The  Commission  has  asked:  "Can  government 
adapt  to  the  new  realities  and  fragility  of  our  existence 
as  the  pace  of  our  lives  accelerates,  the  world  grows 
more  crowded,  technology  multiplies  life's  complexities, 
and  the  environment  is  increasingly  threatened?"  It 
concludes,  ".  .  .slowing  down  the  rate  of  population 
growth  would  ease  the  problems  facing  government  in 
the  years  ahead:  .  .  ."  This  is  not  a  particularly  respon- 
sive answer  to  the  question  posed.  Perhaps  the  Com- 
mission did  not  intend  otherwise. 

Government  has  been  defined  as,  "that  form  of 
fundamental  rules  and  principles  by  which  a  nation  or 
state  is  governed,  or  by  which  individual  members  of  a 
body  politic  are  to  regulate  their  social  action."  Accord- 
ingly, the  question  posed  by  the  Commission  cannot  be 
answered  by  statistical  projections  or  cost  benefit 
analysis.  Rather,  we  must  ask  if  the  rules  and  principles 
of  government  and  social  behavior  are  adequate  to  meet 
both  the  just  demands  of  the  people  and  the  dictates  of 
demographic  and  ecological  imperatives.  This  question 
can  profitably  be  viewed  as  three  distinct  inquiries. 

First,  what  are  the  rules  and  principles  of  govern- 
ment in  the  United  States;  or,  in  other  words,  what  is 
government  for.  One  response  to  this  question  has  been 
given  by  Arthur  S.  Miller  of  the  George  Washington 
University  Law  faculty  and  a  contributor  to  the 
Commission's  research  project:  "The  raw  material  of 
modem  government  is  business,  taxation,  utility  regula- 
tion, agricultural  control,  labor  relations,  housing,  bank- 
ing and  finance,  control  of  the  security  market— all  our 
major  domestic  issues — are  phases  of  a  single  central 
problem:  namely,  the  interplay  of  economic  enterprise 
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in  government.  .  ."  While  it  cannot  be  denied  that 
modem  government  undertakes  programs  to  accomplish 
nonecononiic  objectives,  it  can  readily  be  seen  that 
there  is  considerable  truth  in  the  observation  that,  "the 
business  of  government  is  business."  Indeed,  the  domi- 
nant analytical  perspective  taken  throughout  this 
Report  supports  a  predominantly  economic  interpreta- 
tion of  the  role  of  government. 

The  second  question  is  to  what  ends  are  the  rules 
and  principles  of  government  applied.  This  can  be 
answered  in  a  number  of  ways.  For  example,  the  ends 
can  be  equated  with  "values."  It  is  generally  agreed  that 
one  of  the  primary  stated  goals  or  values  of  government 
in  the  United  States  is  the  promotion  and  enhancement 
of  individual  freedom  for  all  the  people.  Thus,  the 
"government"  pursues  the  goal  of  "freedom"  through 
the  vehicle  of  the  "free  market"  and  the  maintenance  of 
competitive  economic  conditions.  Fundamental  to  this 
particular  notion  of  "freedom"  is  a  reliance  on  the 
"invisible  hand"  or  classical  Ijiissez-faire  economics. 

Another  end  or  goal  of  the  rules  and  principles  of 
government  can  be  ascertained  by  analyzing  the  distri- 
bution of  wealth  in  society.  By  this  standard,  the  end  of 
"government"  can  reasonably  be  understood  as  seeking 
to  maximize  the  satisfactions  of  the  dominant  forces  in 
society,  that  is,  the  owners  of  the  means  of  production. 
However,  it  has  been  forceably  argued  by  the  sociologist 
Max  Weber  that  freedom  and  wealth  are,  in  fact,  one  in 
the  same: 

The  exact  extent  to  which  the  total  amount 
of  'freedom'  within  a  given  legal  community 
is  actually  increased  depends  entirely  upon 
the  concrete  economic  order  and  specifically 
on  property  distribution.  In  no  case  can  it  be 
simply  deduced  from  the  content  of  the  law. 

The  final  question  is,  can  the  present  political 
economy  (government)  of  the  United  States  cope  with 
the  demands  presently  being  placed  upon  it.  A.  E.  Keir 
Nash,  formerly  a  director  of  research  and  now  a 
consultant  for  the  Commission,  responded  to  this 
question  as  follows: 

There  is  good  reason  to  doubt  the  capacity  of 
the  American  governmental  system  to  accom- 
modate a  third  100  million  citizens  in  the 
final  decades  of  the  20th  century.  There  are 
strong  grounds  for  doubting  the  ability  of  the 
government  both  to  maintain  political  order 
and  to  attain  social  justice  among  a  citizenry 
of  300  million. 


Dr.  Nash  goes  on  to  note  two  fundamental  failures  of 
American  government.  First,  is  an  historical  failure  to 
fulfill  its  basic  promises  of  freedom  and  equality. 
Second,  is  the  failure  of  government,  "to  shift  govern- 
ment actions— so  as  to  make  them  appropriate  to  the 
increasingly  crowded  world  in  which  we  live." 

Legislative  and  executive  policymaking  con- 
tinues largely  to  be  based  upon  log-rolling  and 
incremental  solutions  to  problems  in  the 
society  and  the  economy  which  are  not 
genuine  solutions  at  all.  Such  pseudo- 
problem-solving  may  work  respectably  when 
the  basic  structures  of  the  economy,  the 
society  and  the  environment  are  not  in  flux. 
They  may  be  admirable  in  a  largely  empty 
and  unsettled  country,  half  slave  and  half 
free.  Yet  they  are  wholly  unsuited  to  the 
problems  which  confront  Americans  today. 
The  politics  of  yesterday  is  simply  not  suited 
to  the  needs  of  tomorrow. 

The    Commission    chose    to    reject    the    evidence 
militating  toward  this  conclusion.  I  cannot. 


Separate  Statement  of  Howard  D.  Samuel 

Although  I  fully  share  the  goals  of  ending  discrimi- 
nation and  providing  equal  opportunity  for  women,  I 
disagree  that  passage  of  the  Equal  Rights  Amendment 
would  be  a  useful  step  in  that  direction.  On  the  one 
hand,  the  Equal  Rights  Amendment  would  accomplish 
very  little  for  women;  what  is  needed  is  a  specific  body 
of  legislation,  federal  and  state,  to  end  discriminatory 
practices  and  open  up  opportunity.  On  the  other  hand, 
the  Equal  Rights  Amendment  would  have  a  destructive 
effect  in  that  it  would  render  invalid  present  state  laws 
protecting  women— particularly  women  workers — against 
certain  kinds  of  injustice  and  hardship.  For  this  reason,  I 
do  not  support  the  recommendation  endorsing  the 
Equal   Rights  Amendment. 


Separate  Statement  of  George  D.  Woods 

I  believe  the  Commission  should  leave  decisions  on 
the  amounts  of  funds  necessary  to  the  proper 
authorities.  Such  amounts  may  be  either  lesser  or 
greater  than  those  recommended  in  these  sections. 
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Introduction  and 
Recommendations 


"There  are  three  imperatives:  to  reduce  war  to  a  minimum: 
to  stabilize  human  population:  and  to  prevent  the  progressive 
destruction  of  the  earth 's  irreplaceable  resources. " 

—  Sir  Macfarlane  Burnet.  1966' 


This  book  is  about  problems  that  confront  man  in  seeking  a  durable  accom- 
modation with  his  natural  resources.  Concepts  of  resources,  to  be  sure, 
change  from  time  to  time  and  from  place  to  place,  but  the  general  notion  is 
always  of  something  necessary  or  useful,  like  food,  clean  air  and  water,  and 
materials  that  skilled  hands  and  discerning  minds  can  turn  to  the  improve- 
ment of  the  human  lot.  Various  aspects  of  man's  relation  to  his  resources  are 
considered  in  the  chapters  that  follow.  Here  we  state  the  main  features  of 
our  study. 

The  central  question  is:  can  man  approach  a  kind  of  dynamic  equilibrium 
with  his  environment  so  as  to  avert  destructive  imbalances?  Ultimately  this 
question  involves  the  entire  globe  and  the  distant  future.  We  have  chosen, 
however,  to  concentrate  on  material  resources  other  than  air  and  water,  and 
on  North  America— although  with  global  cognizance  and  in  ecological  con- 
text. As  for  time  scale,  we  have  tried  to  look  well  beyond  the  year  2000,  but 
to  keep  the  shorter  term  in  view.  In  order  to  focus  on  the  issues  that  seem  to  us 


'In  "Ecology  and  the  Appreciation  of  Life,"  The  Boyer  Lectures,  Australian  Broadcasting 
Comm.,  Ambassador  Press,  Sydney,  p.  29. 
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to  block  a  general  appreciation  of  the  importance  and  gravity  of  resource 
problems,  and  in  the  interests  of  brevity,  we  have  also  left  out  much  detail 
that  might  have  been  included  in  a  technical  report.  Thus  we  often  find  our- 
selves dealing  with  methods  of  making  estimates,  and  with  the  limitations  of 
those  methods,  rather  than  with  the  commonly  uncertain  estimates  and  pro- 
jections themselves.  It  is  especially  in  this  combination  of  analysis  of  under- 
lying assumptions,  ecological  orientation,  broad  scope,  long-range  view,  and 
relative  brevity  that  our  report  differs  from  previous  resource  assessments. 

In  preliminary  discussions  we  asked  particularly  what  resources  are  vital  to 
our  well-being  and  economy  now,  which  are  likely  to  be  vital  in  the  future, 
what  substitutions  and  technological  innovations  might  modify  resource 
priorities,  and  what  limits  are  placed  on  population  and  material  growth  by 
resource  availability.  We  also  considered  the  consequences  of  limited  supply 
of  resources  and  of  varying  social  and  economic  concepts  that  affect  their  use 
and  adequacy.  Such  considerations  bring  out  a  major  difficulty  in  the  plan- 
ning process:  a  series  of  separate  decisions,  each  individually  justifiable,  can, 
in  the  aggregate,  lead  to  results  which,  had  they  been  foreseen,  might  have 
been  avoided.  To  a  degree,  therefore,  we  have  attempted  to  view  the  manage- 
ment of  many  resources  simultaneously  and  under  alternative  assumptions 
about  sociopolitical  response  and  technological  evolution,  but  our  attempts 
indicate  that  far  more  extensive  analysis  of  alternatives  will  be  needed  to 
develop  comprehensive  resource  policies  of  long-term  validity. 

A  prime  conclusion  of  ecology  is  that  species  whose  populations  exceed  or 
approach  too  closely  the  carrying  capacity  of  resources  in  the  space  occupied 
undergo  reduction.  Such  reductions  are  often  severe  and  may  lead  to  extinc- 
tion because  of  disease,  pestilence,  predation,  or  aggressive  competitors.  Al- 
though it  is  true  that  man  has  repeatedly  succeeded  in  increasing  both  the 
space  he  occupies  and  its  carrying  capacity,  and  that  he  will  continue  to  do  so. 
it  is  also  clear  that  both  the  occupiable  space  and  its  carrying  capacity  have 
finite  limits  which  he  can  approach  only  at  great  peril. 

It  is  essential,  therefore,  that  we  carefully  assess  and  continually  reassess 
these  limits,  and  that  we  take  steps  to  assure  that  future  generations,  as  well 
as  people  now  living,  will  have  the  resources  necessary  for  a  satisfying  life. 
These  resources,  moreover,  must  be  so  distributed  as  to  exclude  catastrophe 
as  a  factor  in  limiting  population  density.  As  Marston  Bates  stresses  in  Chap- 
ter 1 ,  few  species  of  animals  ever  really  multiply  to  the  absolute  limit  of  their 
food  supply  under  natural  conditions;  other  controlling  factors  intervene, 
often  of  the  sort  that  humans  would  call  psychic  or  psychosomatic.  Man  also 
must  adapt  to  his  ecosystem— to  his  physical  environment  and  its  biological 
components.  We  cannot  long  operate  as  a  force  apart  from  it.  for  we  are  not. 
Above  all,  we  must  be  wary  of  man's  tendency  to  reduce  the  variety  of  com- 
ponents in  his  ecosystem,  for  this  increases  susceptibility  to  adverse  change. 

Many  people  outside  the  Atlantic  community  of  nations  are  now  threat- 
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ened  with  poverty  and  famine  as  a  result  of  population  increases  that  locally 
exceed  the  carrying  capacity  of  the  land.  To  a  greater  or  lesser  degree  the  same 
potential  danger  threatens  all  people,  as  Malthus  first  clearly  recognized  in 
1798.  Wishful  thinking  does  not  banish  the  problem.  Harrison  Brown  asked 
in  1954^ :  "Is  betterment  of  the  situation  really  within  the  realm  of  possibility? 
And  if  betterment  is  possible,  at  what  level  can  the  greatly  increased  numbers 
be  supported?  Lastly  are  the  earth's  resources  sufficient  to  meet  the  enhanced 
demand?"  The  same  questions  haunt  us  with  increasing  intensity— an  inten- 
sity as  yet  almost  unrelieved  by  significant  decreases  in  rates  of  population 
growth.  By  average  American  standards,  two  thirds  of  the  world's  people  are 
still  ill-fed,  ill-housed,  and  ill-clothed,  including  many  in  North  America. 
What  can  we  in  North  America  do  to  aid  our  own  underprivileged,  to  meet 
the  population  increases  that  will  yet  precede  real  population  control,  and  to 
help  the  rest  of  the  world? 

The  answer  is  that  much  can  be  done,  given  sufficient  effort  in  resource 
management.  But  other  dangers  arise.  The  quality  of  life,  which  we  equate 
with  flexibility  of  choices  and  freedom  of  action,  is  threatened  by  the  demands 
of  an  expanding  economy  and  population.  This  happens  in  three  principal 
ways:  (1)  through  the  restrictive  and  harmful  effects  of  pollution;  (2)  through 
the  increasing  frequency  and  complexity  of  unconstructive  but  unavoidable 
human  contacts;  and  (3)  through  the  necessary  increase  of  regulatory  mea- 
sures—all in  consequence  of  increasing  use  of  and  competition  for  resources, 
space,  recreation,  transportation,  housing,  and  even  educational  facilities. 

Thus,  in  addition  to  energy,  mineral,  and  food  resources,  the  quantity  and 
quality  of  the  human  resource  itself  are  critical  components  of  the  equation. 
As  John  D.  Chapman  brings  out  in  Chapter  2,  man  is  not  only  a  part  of  his 
ecosystem,  he  is  the  most  powerful  influence  in  it.  He  is  simultaneously  its 
potentially  most  precious  resource  and  its  most  serious  threat.  The  gains  from 
technological  development  must  always  be  balanced  in  as  much  detail  as  pos- 
sible against  its  costs.  Man's  own  best  interests  plead  for  a  more  generous 
attitude  toward  the  rest  of  nature  and  for  less  materialistic  measures  of  well- 
being  and  success— especially  in  the  developed  countries.  Such  changes  in 
attitude  would  make  it  easier  to  bring  about  dynamically  balanced  relations 
between  the  need  for  materials  and  the  quantity  available  on  the  one  hand  and 
the  quality  of  life  and  quantity  of  consumers  on  the  other. 

The  growing  quantity  of  people  is  a  key  factor  whose  future  dimensions  we 
should  like  to  be  able  to  estimate.  Problems  involved  in  that  estimate  are  dis- 
cussed by  Nathan  Keyfitz  in  Chapter  3.  Only  two  things  seem  certain:  there 
are  going  to  be  more  people  in  the  future  and  they  will  live  in  denser  aggre- 
gates. The  number  of  people  to  be  accommodated  by  the  end  of  the  century, 
moreover,  adds  a  new  dimension  to  current  crises.  To  accommodate  these 


'The  Challenge  of  Man's  Future,  Viking  Press,  New  York,  p.  61. 
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populations,  the  developed  world  will  require,  by  the  year  2fK)0.  additional 
urban  facilities  equivalent  to  all  of  those  already  in  existence,  and  correspon- 
dingly more  for  the  underdeveloped  world.  This  calls  for  an  entirely  different 
view  of  our  cities  and  their  resource  requirements  than  if  wc  think  only  of 
ameliorating  specific  crises  step  by  step  as  they  arise.  Complete  urban  renova- 
tion, the  creation  of  new  and  better  living  clusters  throughout  the  country, 
and  better  and  more  diversified  use  of  suburban  and  rural  space  are  a  big 
order;  but  it  is  an  order  that  is  practicable,  necessary,  and  urgent.  There  is  no 
simple  "best  solution."  A  variety  of  solutions  must  be  tried,  and  for  all  of 
them  the  resource  component  (including  clean  air  and  water)  will  be  central. 

Somehow  we  must  manage  by  the  year  2000  to  support  a  population  in- 
crease in  the  United  Stales  from  the  present  200  million  people  to  between 
300  million  and  340  million,  and  an  increase  in  world  population  from  the 
now  more  than  3.5  billion  people  to  between  6  billion  and  7  billion— an 
increasing  proportion  of  them  in  cities.  Failure  to  support  that  population 
increase  would  have  unacceptable  consequences.  Population  control,  essen- 
tial in  the  long  run,  cannot  come  soon  enough  to  eliminate  the  challenge.  To 
stabilize  populations  requires  that  the  birth  rate  not  exceed  14  live  births  per 
year  per  thousand  people  at  the  70-year  life  expectancy  sought  as  a  goal  for 
all.  Only  Hungary,  Japan,  and  Bulgaria  currently  have  such  a  low  birth  rate. 
This  shows  that  a  stabilized  population  can  be  achieved,  but  as  Kingsley 
Davis  has  emphasized,^  the  inadequate  measures  that  now  pass  for  popula- 
tion control  at  best  eliminate  only  unwanted  births.  Birth  rates  over  most  of 
the  world  cannot  be  brought  to  control  levels  by  presently  accepted  measures. 
Steps  must  be  taken  to  realize  a  zero  rate  of  population  increase  as  the  ulti- 
mate goal.  In  the  meanwhile,  the  increasing  number  of  people  to  be  accom- 
modated will  severely  tax  the  capacity  of  the  human  ecosystem. 

Nutrition  is  the  first  essential;  yet  problems  of  distribution,  of  local  failure 
to  exploit  potentialities,  and  with  social  customs  that  dictate  what  food  is 
acceptable  are  more  immediately  urgent  than  the  problem  of  quantity  of  food 
available  or  producible  on  a  global  scale.  If  present  world  food  production 
could  be  evenly  rationed,  there  would  be  enough  to  satisfy  both  energy  (calo- 
ries) and  protein  requirements  for  everyone— although  with  drastic  reduc- 
tions for  the  now  affluent.  All-out  effort,  including  the  provision  of  ample 
fertilizer,  and  genetic,  ecological,  and  chemical  research,  could  probably 
quadruple  production  from  the  lands  and  double  production  from  the  waters 
by  the  end  of  the  century.  If  such  increased  production  were  evenly  distrib- 
uted, it  could  keep  up  with  population  growth  expected  during  the  same  time 
and  even  permit  some  improvement  of  diet.  But  will  such  all-out  effort  be 
started  and  sustained? 

The  probable  ultimate  increase  in  production  of  food  from  the  sea  on  a 
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sustained  basis  is  not  likely  to  be  much  more  than  about  two  and  one-half 
times  the  present  annual  production  of  60  million  metric  tons  of  fish,  contain- 
ing 1 2  million  tons  of  usable  protein— an  estimate  that  emerges  from  William 
E.  Ricker's  analysis  of  marine  production  in  Chapter  5.  An  increase  to  as 
much  as  four  times  the  present  production  is  unlikely.  Perhaps  the  most  im- 
portant thing  to  bear  in  mind  about  aquatic  food  products,  however,  is  that 
although  they  are  an  excellent  source  of  protein  they  are  a  poor  source  of 
calories.  Only  the  land  can  supply  calories  in  adequate  quantity  for  the  needs 
anticipated,  an  eventual  increase  of  possibly  eight  times  the  present  land  pro- 
duction being  foreseen  by  Sterling  B.  Hendricks  in  Chapter  4.  To  attain  this, 
however,  will  call  for  maximum  increases  in  productivity  of  existing  lands, 
cultivation  of  all  potentially  arable  lands,  new  crops,  the  use  of  more  vege- 
table and  less  animal  protein,  continued  risky  use  of  ever-new  but  hopefully 
degradable  biocides.  chemical  or  microbiological  synthesis  of  foods,  and 
other  innovations. 

Foreseeable  increases  in  food  supplies  over  the  long  term,  therefore,  are 
not  likely  to  exceed  about  nine  times  the  amount  now  available.  That  ap- 
proaches a  limit  that  seems  to  place  the  earth's  ultimate  carrying  capacity  at 
about  30  billion  people,  at  a  level  of  chronic  near-starvation  for  the  great 
majority  (and  with  massive  immigration  to  the  now  less  densely  populated 
lands)!  A  world  population  of  30  billion  is  only  slightly  more  than  three 
doublings  from  the  present  one,  which  is  now  increasing  at  a  doubling  time  of 
about  35  years.  At  this  rate,  there  could  be  30  billion  people  by  about  2075  in 
the  absence  of  controls  beyond  those  now  in  effect.  Hopeful  allowance  for 
such  controls  (Chapter  3)  suggests  that  populations  may  level  off  not  far 
above  1 0  billion  people  by  about  2050— and  that  is  close  to  (if  not  above)  the 
maximum  that  an  intensively  managed  world  might  hope  to  support  with 
some  degree  of  comfort  and  individual  choice,  as  we  estimate  such  immea- 
surables.  If,  in  fulfillment  of  their  rising  expectations,  all  people  are  to  be 
more  than  merely  adequately  nourished,  effort  must  be  made  to  stabilize 
populations  at  a  world  total  much  lower  than  10  billion.  Indeed  it  is  our 
judgment  that  a  human  population  less  than  the  present  one  would  offer  the 
best  hof)e  for  comfortable  living  for  our  descendants,  long  duration  for  the 
species,  and  the  preservation  of  environmental  quality. 

Man  must  also  look  with  equal  urgency  to  his  nonrenewable  resources— to 
mineral  fuels,  to  metals,  to  chemicals,  and  to  construction  materials.  These 
are  the  heritage  of  all  mankind.  Their  overconsumption  or  waste  for  the 
temporary  benefit  of  the  few  who  currently  possess  the  capability  to  exploit 
them  cannot  be  tolerated. 

The  nonfuel  mineral  resources  are  very  unequally  distributed,  both  as  to 
location  and  as  to  grade.  No  nation  is  self-sufficient  in  all  of  them,  even  in  the 
short  term.  The  ultimate  resources  of  major  industrial  metals  such  as  iron  and 
aluminum,  to  be  sure,  are  very  large,  for  their  availability  depends  mainly  on 
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improvements  in  recovery  methods.  But  true  shortages  exist  or  threaten  for 
many  substances  that  are  considered  essential  for  current  industrial  society: 
mercury,  tin,  tungsten,  and  helium  for  example.  Known  and  now -prospective 
reserves  of  these  substances  will  be  nearly  exhausted  by  the  end  of  this  century 
or  early  in  the  next,  and  new  sources  or  substitutes  to  satisfy  even  these 
relatively  near-term  needs  will  have  to  be  found.^lt  is  not  true,  although  it  is 
widely  believed,  that  tonnages  of  metalliferous  rock  generally  increase  geo- 
metrically with  arithmetic  decrease  in  grade.  Much  of  Chapter  6,  by  Thomas 
S.  Lovering,  is  devoted  to  showing  why  this  is  an  invalid  generalization  that 
encourages  a  dangerous  complacency.  Neither  is  abundant  cheap  energy  a 
panacea  for  waning  resources.  Innovation  of  many  kinds  will  be  needed— in 
methods  of  finding  ore,  in  mining,  in  extraction  of  metals,  in  substitution,  in 
transportation,  and  in  conservation  and  waste  disposal.  For  all  reusable 
materials  in  short  supply,  appropriate  laws  or  codes  restructuring  economic 
incentives  could  facilitate  conservative  recovery,  more  efficient  use,  and  reuse, 
thereby  appreciably  extending  now  foreseeable  commodity  lifetimes. 

It  is  not  certain  whether,  in  the  next  century  or  two,  further  industrial 
development  based  on  mineral  resources  will  be  foreclosed  by  limitations  of 
supply.  The  biggest  unknowns  are  population  and  rates  of  consumption.  It  is 
self-evident,  however,  that  the  exponential  increases  in  demand  that  have 
long  prevailed  cannot  be  satisfied  indefinitely.  If  population  and  demand  level 
off"  at  some  reasonable  plateau,  and  if  resources  are  used  wisely,  industrial 
society  can  endure  for  centuries  or  perhaps  millenia.  But  technological  and 
economic  brilliance  alone  cannot  create  the  essential  raw  materials  whose 
enhancement  in  value  through  beneficiation,  fabrication,  and  exchange  con- 
stitutes the  basic  material  fabric  of  such  a  society. 

The  mineral  and  chemical  resources  of  the  sea  (Chapter  7)  will  increasingly 
supplement  those  from  the  land— but  only  for  a  few  of  the  many  commodities 
we  need.  Information  on  which  to  base  a  durable  assessment  of  such  resources 
is  not  now  available,  but  it  can  be  expected  to  improve  as  research  and  ex- 
ploration increase.  Although  ocean  waters  cover  two-thirds  of  the  earth,  what 
little  is  known  about  the  composition  and  probable  history  of  the  three 
quarters  of  the  sea  bottom  that  lies  beyond  the  continental  rises  does  not 
support  the  popular  belief  that  this  region  harbors  great  mineral  wealth. 
Beneath  a  thin  veneer  of  young  sediments,  the  floor  of  the  ocean  basins 
appears  to  consist  of  young  basaltic  rocks,  only  sparsely  metalliferous  and  in 
constant  slow  motion  toward  and  beneath  the  continents.  Much  more  prom- 
ising are  the  potentialities  of  the  submerged  parts  of  the  continents— of  oil 
from  the  sediments  of  the  continental  shelves,  slopes,  and  rises  and  of  mineral 
placers  near  the  coast.  Seawater  is  also  an  important  source  of  some  useful 
elements  and  salts,  but  only  for  a  few  of  those  needed. 

On  the  one  hand,  therefore,  mineral  and  mineral-fuel  production  from  the 
sea  are  certainly  worth  going  after  and  will  increasingly  help  to  meet  needs 
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and  shortages  in  certain  commodities.  On  the  other  hand,  there  is  little  basis 
for  assuming  that  many  marine  mineral  and  chemical  resources  are  of  large 
usable  volume  or  feasible  recover  ability  or  that  for  many  essential  substance^ 
there  are  any  marine  resources  at  all.  The  roughly  $4  billion  1964  world 
production  of  offshore  mineral  resources  shows  clearly  that  profits  are  to  be 
had  from  the  sea.  Whether  offshore  minerals  will  provide  an  adequate  supple- 
ment to  the  mineral  resources  of  the  lands  in  the  needed  variety  of  products  is 
quite  another  matter. 

Finally,  energy  resources  are  considered  in  Chapter  8,  by  M.  King  Hubbert. 
Known  or  potential  energy  resources  include  power  from  flowing  waters, 
tidal  power,  geothermal  power,  solar  energy,  and  mineral  fuels.  Of  these, 
conventional  water  power,  if  fully  developed,  would  be  about  equal  to  that 
currently  generated  from  fossil  fuels.  Important  as  they  could  be,  however, 
especially  in  presently  underdeveloped  parts  of  the  southern  hemisphere,  con- 
ventional sources  of  water  power  are  erratically  distributed,  and  reservoirs 
silt  up.  Tidal  power  and  geothermal  power  are  only  locally  available  and 
neither  represents  a  potential  energy  supply  of  more  than  about  2  percent  of 
that  available  from  water  power.  Solar  energy,  although  daily  renewable  and 
enormous  in  amount,  offers  little  promise  as  a  major  source  of  industrial 
power  because  of  the  difficulty  of  achieving  the  essential  concentration  and 
continuity  of  energy  and  because  of  the  large  quantities  of  metals  and  other 
materials  that  would  be  required  for  solar  energy  plants  of  significant 
capacity. 

Sources  of  power  for  the  future  are  to  be  sought  among  the  mineral  fuels, 
and  above  all  in  nuclear  energy.  It  will  take  only  another  50  years  or  so  to  use 
up  the  great  bulk  of  the  world's  initial  supply  of  recoverable  petroleum  liquids 
and  natural  gas!  Recoverable  liquid  fuels  from  tar  sands  and  oil  shales,  al- 
though their  estimates  are  very  uncertain,  might  supplement  conventional 
petroleum  fuels  sufficiently  to  extend  the  total  lifetime  of  the  petroleum  fam- 
ily of  fuels  as  an  important  source  of  industrial  energy  to  as  much  as  a  century 
from  now.  The  remaining  effective  lifetime  for  coal,  if  used  as  the  principal 
source  of  energy  at  expected  increased  demands,  would  be  no  more  than  two 
or  three  centuries  (although  the  normal  tapering-off  in  use  of  a  diminishing 
resource  will  assure  its  continued  production  for  perhaps  another  500  years 
from  the  present).  Moreover,  we  cannot  simultaneously  use  the  fossil  fuels 
for  fuels,  petrochemicals,  synthetic  polymers,  and  bacterial  conversion  to 
food  without  going  through  them  even  more  rapidly.  A  major  side  benefit 
from  converting  to  nuclear  energy  as  our  main  energy  source,  therefore,  could 
be  the  adoption  of  measures  to  conserve  the  fossil  fuels  for  other  useful 
purposes  and  for  essential  liquid  fuels. 

Nuclear  power  from  naturally  fissionable  uranium-235  and  from  fission- 
able isotopes  obtained  by  neutron  irradiation  of  uranium-238  and  thorium- 
232  is  potentially  orders  of  magnitude  larger  than  that  obtainable  from  all  the 
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fossil  fuels  combined.  Thcsupply  of  uranium-235  from  high-grade  ores,  how- 
ever, is  severely  limited,  and  the  production  of  nuclear  power  at  a  cost  com- 
petitive with  fossil  fuels  or  water  power,  using  the  present  light-water  con- 
verter reactors  and  uranium-235  as  the  principal  energy  source  can  be 
sustained  for  only  a  few  decades. 

If  the  potential  of  nuclear  power  based  on  the  fission  reaction  is  to  be 
realized,  therefore,  this  can  be  accomplished  only  by  an  early  replacement  of 
the  present  light-water  reactors  (which  can  use  only  about  1  percent  of  natural 
uranium)  by  fully  breeding  reactors  capable  of  consuming  the  entire  amount 
of  natural  uranium  or  thorium  supplied  to  them. 

Controlled  fusion  has  not  yet  been  achieved  and  may  never  be.  Should  it 
be,  however,  the  energy  obtainable  from  the  deuterium  contained  in  30  cubic 
kilometers  of  seawater  would  be  about  equal  to  that  of  the  earth's  initial 
supply  of  fossil  fuels! 

On  a  long-term  basis,  an  achievement  no  less  essential  than  a  practical 
nuclear-energy  economy  itself  must  be  the  development  of  an  adequate  sys- 
tem of  safe  disposal  of  nuclear-fission  wastes.  Much  progress  has  been  made 
within  the  last  decade  by  the  U.S.  Atomic  Energy  Commission  in  the  pro- 
cessing and  safe  underground  disposal  of  low- volume,  high-level  wastes.  Less 
satisfactory  progress  has  been  made  in  the  handling  of  the  voluminous  low- 
level  wastes  and  solid  trash.  In  fact,  for  primarily  economic  reasons,  practices 
are  still  prevalent  at  most  Atomic  Energy  Commission  installations  with 
respect  to  these  latter  categories  of  waste  that  on  the  present  scale  of  Of)era- 
tions  are  barely  tolerable,  but  which  would  become  intolerable  with  much 
increase  in  the  use  of  nuclear  power. 

To  summarize  this  study,  Chapters  I  and  2  of  our  book  pose  the  problem: 
since  resources  are  finite,  then,  as  population  increases,  the  ratio  of  resources 
to  man  must  eventually  fall  to  an  unacceptable  level.  This  is  the  crux  of  the 
Malthusian  dilemma,  often  evaded  but  never  invalidated.  Chapter  3  con- 
siders the  possibility  of  a  final  evasion  of  this  dilemma  by  population  control. 
Chapters  4  through  8  consider  the  possibility  of  escape  by  increasing  re- 
sources of  food,  minerals,  and  energy,  each  chapter  dealing  with  essential  but 
not  coordinate  aspects  of  the  problem  The  inescapable  central  conclusion  is 
that  both  population  control  and  better  resource  management  are  mandatory 
and  should  be  effected  with  as  little  delay  as  possible. 

We  must  add  an  elaboration,  however.  Studies  of  animal  populations  sug- 
gest that  environmental  factors  other  than  simple  limitation  of  material  re- 
sources may  act  in  unexpected  ways  to  limit  populations  before  theoretical 
maxima  are  reached.  To  consider  whether  the  earth  might  support  three  more 
doublings  of  the  human  population  is  probably  to  consider  a  purely  hypo- 
thetical situation.  It  seems  more  likely  that  further  crowding,  the  necessary 
social  and  governmental  restrictions  that  accompany  dense  settlement,  and 
certain  kinds  of  boredom  resulting  from  isolation  from  nature  in  an  immense. 
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uniform,  secular  society  may  prove  so  depressing  to  the  human  spirit  or  so 
destructive  of  coherent  social  organization  that  no  such  population  size  will 
ever  be  reached.  Current  urban  problems  are  perhaps  premonitory  of  what 
can  come  in  the  absence  of  more  efTective  attention  to  the  broader  problems 
of  resources  and  man.  In  attempting  to  deal  with  such  problems  we  would  do 
well  to  consider  the  basic  causes  as  well  as  the  symptoms.  To  delay  progress 
toward  full  self-regulation  of  population  size  is  to  play  "Russian  roulette" 
with  the  future  of  man. 

More  specific  recommendations  arising  from  this  study  will  be  found  in 
the  following  section.  The  words  we  would  choose  to  express  the  essence  of 
our  hopes  for  the  future,  however,  have  already  been  written:  "Our  goal 
should  be  not  to  conquer  nature  but  to  live  in  harmony  with  it."* 


Recommendations 


This  study  points  to  the  need  for  better  information  on  which  to  base  an 
improved  assessment,  not  only  of  the  natural  resources  of  the  nation  and  the 
earth,  but  also  of  the  likely  future  demands  on  them  and  of  their  deeper 
societal  implications.  Although  no  real  physical  terra  incognita  remains  to- 
day, we  have  much  to  learn  about  what  we  have,  how  to  estimate  it,  and  how 
to  manage  it  in  the  best  interests  of  man  and  nature.  The  Malthusian  limits 
are  more  likely  to  be  extended  by  recognizing  their  validity  and  doing  some- 
thing about  them  than  by  uninformed  ridicule.  We  recommend  below,'  there- 
fore, some  of  the  steps  that  should  be  taken  by  the  United  States  to  enhance 
the  prospects  of  an  ample  world  for  all. 

These  recommendations  are  not  intended  to  be  comprehensive  or  rigor- 
ously systematic;  rather,  their  aim  is  to  highlight  the  steps  that  most  deserve 
to  be  initiated  or  pursued  more  vigorously  by  reason  of  special  relevance, 
timeliness,  or  high  potential  value  to  society.  They  are  arranged,  according  lo 
their  main  aspects,  under  four  broad  categories:  (1)  Early  Action,  (2)  Policy, 
(3)  Research,  and  (4)  Organization.  Listed  after  each  recommendation,  as 
appropriate,  are  the  chapters  in  which  substantiating  discussion  is  to  be 
found.  Where  no  specific  chapter  reference  is  given,  the  recommendation 
emerged  from  the  study  as  a  whole,  including  discussions  at  our  several 
exploratory  conferences. 


*  Roger  Rcvelle,  1967,  p.  I  of  "Introduction,"  in  United  States  Participation  in  the  Inter- 
national Biological  Program.  tJ.S.  National  Committee  for  the  I.B.P.,  Rep.  no.  2. 

'Members  of  the  Committee  who  are  not  citizens  of  the  United  States  have  disqualified 
themselves  from  participating  in  recommendations  regarding  specific  actions  of  the  U.S. 
Government.  They  concur  in  principle,  however,  with  the  recommendations  made  here. 
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EARLY  ACTION 

The  Commillee  on  Resources  and  Man  urges  early  action  to  implement  the 
following  recommendations: 

1 .  That  detailed  assessment  of  the  actual  and  potential  agricultural  and  forest 
lands  of  the  world  and  their  classification  into  best-use  categories  he  undertaken, 
together  with  increased  technical  help  to  the  farmers  of  the  world.  Many  parts 
of  the  world  are  not  as  productive  as  they  could  be,  and  others  are  unproduc- 
tive for  poorly  understood  reasons.  Special  problems  arise  in  the  tropics 
(Recommendation  20),  where  the  United  States  should  establish  a  laboratory 
and  field  organization  for  tropical  agriculture.  This  recommendation  calls  for 
action  by  the  Department  of  Agriculture,  with  the  collaboration  of  the  State 
Department  and  the  United  Nations.  Chapter  4. 

2.  That  there  he  a  large  increase  in  the  effort  directed  toward  a  comprehensive 
geochemical  census  of  the  crustal  rocks  of  the  nation,  the  continent,  and  the 
earth,  including  those  parts  beneath  the  sea.  Better  knowledge  than  we  have 
of  the  distribution  and  abundances  of  the  elements  is  needed  to  define  the 
world's  metallogenic  provinces,  to  develop  new  exploration  techniques,  to 
identify  substitutes  for  materials  in  short  supply,  and  to  designate  substances 
with  a  variety  oi^  physical  and  chemical  properties  for  consideration  in  the 
design  of  new  products.  A  geochemical  census,  of  course,  must  be  done  in  the 
framework  of  adequate  geological  mapping,  sequence  control,  and  investiga- 
tions into  a  variety  of  geological  processes.  Such  studies  ordinarily  need  lead 
times  of  a  decade  or  more  before  application,  but  their  results  can  be  useful 
for  many  decades.  The  existing  program  of  the  U.S.  Geological  Survey 
should  be  intensified  and  enlarged,  and  new  activities  should  be  started. 
Global  coordination  calls  for  suitable  international  structures,  with  the 
Geological  Survey,  the  Bureau  of  Mines,  and  university  groups  playing  major 
operational  roles.  Chapters  6,  7. 

3.  That  the  present  Helium  Conservation  Program  of  the  Department  of  the 
Interior  be  reevaluated.  Helium  is  unique  in  its  combination  of  unusual 
properties  and  critical  uses.  It  is  essential  for  cryogenics,  superconductivity, 
cooling  of  nuclear  reactors,  exploration  of  the  seabed,  and  the  space  program. 
According  to  available  estimates  it  is  in  short  supply,  yet  it  continues  to  be 
wasted  in  the  combustion  of  natural  gases.  Its  recovery  from  these  gases  and 
conservation  for  the  future  is  feasible  and  is  already  being  done  on  a  limited 
scale.  The  Helium  Conservation  Program  should  be  carefully  reevaluated  to 
determine  if  it  can  meet  helium  needs  beyond  the  early  part  of  the  21st  cen- 
tury. If  such  evaluation  leaves  any  question  at  all  about  the  adequacy  of  the 
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program,  the  program  should  be  extended  without  delay  to  apply  to  lower 
concentrations  of  helium  and  more  natural  gas  fields.  Chapters  6. 8. 

4.  That  a  new  and  more  rifjorons  monitor  inf^  system  for  radioactive  waste  dis- 
posal he  instituted  at  Atomic  Enerf^y  Commission  and  other  installations  where 
such  wastes  are  now  or  may  later  he  produced.  Such  a  system  must  be 
independent  of  the  agencies  and  organizations  that  generate  such  wastes, 
analogous  to  a  system  of  financial  auditing.  Reports  emanating  from  the 
responsible  group  charged  with  the  operation  of  this  monitoring  system 
should  be  made  public  so  that  every  citizen  will  know  what  is  being  done  to 
protect  his  safety  as  well  as  what  needs  to  be  done  that  is  not  being  done. 
The  financial  cost  of  maintaining  such  a  system  and  responding  to  necessary 
safety  measures  must  not  be  a  limiting  factor  in  achieving  the  best  possible 
surveillance  and  action  program.  Chapter  8. 


POLICY 

The  Committee  on  Resources  and  Man  presents  the  following  recommenda- 
tions for  implementation  as  matters  of  national  policy: 

General  Policy 

5.  That  efforts  to  limit  population  increase  in  the  nation  and  the  world  he  inten- 
sified by  whatever  means  are  practicable,  working  toward  a  goal  of  zero  rate  of 
growth  by  the  end  of  the  century.  Healthy  and  intelligent  people  are  man's 
greatest  resource.  If  limitation  of  population  is  not  eventually  achieved  at 
some  reasonable  level,  moreover,  food  and  other  resources  will  surely  be 
inadequate.  With  limitation  of  populations  the  objective  can  be  shifted  from 
combating  starvation  and  want  to  the  improvement  of  the  human  resource 
and  its  level  of  living.  Although  this  recommendation  is  by  no  means  novel, 
it  emerges  again  from  our  study,  and  particularly  from  Chapter  2,  that  popu- 
lation control  is  the  absolute  primary  essential  without  which  all  other  efforts 
are  nullified.  Our  Departments  of  State  and  of  Health,  Education,  and  Wel- 
fare should  adopt  the  goal  of  real  population  control  both  in  North  America 
and  throughout  the  world.  Ultimately  this  implies  that  the  community  and 
society  as  a  whole,  and  not  only  the  parents,  must  have  a  say  about  the 
number  of  children  a  couple  may  have.  This  will  require  profound  modifica- 
tion of  current  attitudes  toward  parenthood.  Chapter  2. 

6.  That  innovation  of  all  kinds  to  stretch  out,  renew,  enlarge,  or  substitute  for  the 
components  of  the  world's  mineral-resource  base,  be  encouraged.    An  ample 


635 


energy  base,  more  efficient  long-distance  transfer  of  energy,  and  better  trans- 
port systems  can  make  available  the  ores  of  remote  places.  Research  in  the 
properties,  purification,  extraction,  and  fabrication  of  metals  or  even  non- 
metals  not  now  used,  or  used  for  other  purposes,  can  lead  to  substitution. 
New  synthetic  products  made  from  abundant  raw  materials  should  be  sought 
as  substitutes  for  rare  or  depleting  natural  commodities.  Clad  metals  (as  in 
present  "silver"  coinage)  can  stretch  out  rare  materials  and  generate  new 
combinations  of  properties.  Man's  resources  may  be  limited  but  his  imagina- 
tion in  their  use  and  conservation  need  not  be.  Much  work  of  this  sort  can 
and  should  be  done  under  the  auspices  of  the  Departments  of  the  Interior 
and  Commerce.  The  need  for  a  constant  flow  of  fresh  ideas  and  new  view- 
points, however,  will  best  be  met  by  greater  involvement  of  university  groups 
through  sponsored  research.  Such  sponsorship  should  come  not  only  from 
mission-oriented  agencies,  but  also  from  the  National  Science  Foundation  in 
pursuance  of  its  new  charter  to  extend  its  support  of  selected  areas  of  applied 
research. 

7.  That  continuing  systematic  programs  and  structures  he  organized  to  promote 
more  pervasive  interaction  among  the  environmental  sciences,  and  between 
them  and  the  behavioral  sciences,  technology ,  and  the  strictly  physical  sciences. 
We  need  more  schools  and  institutes  of  environmental  studies  where  ecolo- 
gists,  hydrologists,  meteorologists,  oceanographers,  geographers,  and  geolo- 
gists will  work  closely  together,  and  with  scholars  and  practitioners  from 
other  fields.  Such  organizations  might  serve  as  the  cores  of  new  "urban 
grant"  universities  intended  to  nucleate  new  urban  centers,  thereby  also  help- 
ing to  create  the  scientific  manpower  to  support  the  environmental  and 
resource  programs  needed.  More  interaction  among  governmental  agencies 
concerned  with  different  parts  of  the  environment  should  also  be  generated, 
as  well  as  among  them  and  other  parts  of  the  scientific  and  governmental  com- 
munities. These  goals  should  be  explicitly  supported  by  the  National  Science 
Foundation  and  the  Department  of  Health,  Education,  and  Welfare.  Given 
the  interest  the  National  Science  Foundation  is  now  taking  in  the  environ- 
mental, applied,  and  behavioral  sciences,  institutional  structures  wherein  all 
could  focus  simultaneously  and  in  concert  on  our  deteriorating  human  eco- 
system could  be  a  major  step  toward  its  improvement. 

8.  That  formulation  of  natural  resource  policies  for  the  nation,  the  continent, 
and  the  world  be  vigorously  sought— through  whatever  government  structures 
and  bilateral  and  multilateral  covenants  may  best  serve  such  purposes.  Re- 
sources are  not  a  one-state  or  one-country  affair;  they  concern  the  whole 
world  and  all  people.  The  international  character  of  the  formulation  of  re- 
source i>olicy  clearly  requires  the  participation  of  the  Department  of  State, 
which  must  develop  the  necessary  mechanisms  to  work  in  close  conjunction 
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with  the  Departments  of  the  Interior,  Agriculture,  and  Commerce,  as  well 
as  with  other  concerned  groups  (e.g.,  Recommendation  26). 

Policy  with  Regard  to  Sources  of  Food 

9.  77w/  the  efficiency  and  capacity  of  agricultural  productivity,  both  in  the 
United  States  and  abroad  he  increased  to  the  maximum  levels  possible.  This  is 
necessary  not  only  to  assure  national  food  reserves,  but  also  to  help  those 
countries  in  need.  Overproduction,  as  well  as  underproduction,  of  perishable 
products  must  be  controlled,  for  it  is  evidence  of  poor  national  management 
and  vitiates  the  improvement  of  farm  production  and  management.  The 
Department  of  Agriculture  has  been  working  in  these  directions  for  a  long 
time,  in  collaboration  with  the  Department  of  State  and  the  United  Nations. 
The  effort  should  be  continued,  improved,  and  intensified.  Chapter  4. 

10.  TIjat  there  be  purposeful  regulation  of  fisheries,  now  declining  in  yield  be- 
cause ofovere.xploifation,  and  effective  control  of  the  catch  of  other  stocks  that 
will  be  threatened  in  the  future.  This  involves  knotty  problems  of  internal 
jurisdiction  and  international  negotiation,  but  they  must  be  overcome.  In  this 
case  the  Department  of  the  Interior,  with  the  collaboration  of  the  State 
Department  and  other  organizations,  has  done  what  it  could.  But  again  the 
effort  needs  to  be  increased,  improved,  and  extended.  Chapter  5. 

1 1 .  That  fishing  efforts  toward  currently  underexploited  stocks,  both  in  the  sea 
and  in  fresh  waters,  be  expanded.  In  this  sense  "fishing"  refers  not  merely  to 
fish,  but  to  the  capture  of  all  kinds  of  edible  aquatic  organisms,  plants  as  well 
as  animals.  Again,  the  Department  of  the  Interior  is  already  involved  and 
further  initiative  should  come  from  that  department.  Chapter  5. 

12.  That  the  use  of  aquatic  'farming"  operations,  not  only  in  fresh  waters,  but 
also  in  marine  and  brackish-water  bays  and  estuaries,  be  improved  and  ex- 
tended. Particular  attention  should  be  given  to  operations  that  do  not  com- 
pete seriously  with  use  of  other  resources.  Examples  are  ponds  sited  in 
swamps  or  on  tide-flats,  and  shellfish  culture  either  on  the  sea  bottom  or  from 
rafts.  Responsibility  for  this  effort  could  rest  equally  with  the  Department  of 
the  Interior  directly  and  with  the  National  Science  Foundation  through  its 
authority  under  the  Sea  Grant  Program.  Chapter  5. 

Policy  with  Regard  to  Nonenergy  Minerai  Resources 

1 3.  77iat  the  re-use  and  better  use  of  materials  that  can  be  recycled  be  encour- 
aged, and  that  this  be  required  for  mineral  commodities  known  to  be  in  short 
supply.     Incentives  should  be  devised  to  encourage  the  optimum  use  of  met- 
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als  and  other  materials,  as  well  as  proper  disposal  of  spent  substances. 
Research  on  problems  and  methods  of  re-using  or  otherwise  extending  the 
lifetimes  of  all  kinds  of  materials,  as  well  as  the  recovery  of  wasted  or  dele- 
terious by-products,  should  be  supported,  both  for  conservation  and  to 
reduce  problems  of  pollution  and  waste  disposal.  The  automobile  is  a  prime 
target  for  improvement.  The  copper  content  of  the  average  car  should  be 
reduced  from  about  1 .4  percent  to  0.4  percent  or  less  of  the  total  carcass  and 
problems  of  metal  recovery  simplified.  The  metals  involved  could  then  be 
used  repeatedly,  with  greatly  reduced  waste  and  with  elimination  of  unsightly 
modes  of  disposal.  New  methods  of  combining  metals  in  clad  structures,  for 
instance,  make  it  possible  to  utilize  the  desired  properties  of  special  metals 
(such  as  silver  and  copper)  with  great  economy,  better  structural  properties, 
and  reduction  to  levels  that  eliminate  the  adverse  effects  of  mixing.  Other 
targets  are  the  wasteful  disposal  practices  that  could  be  improved  to  salvage 
more  used  metal.  Military  uses,  of  course,  are  especially  demanding  on 
supplies  of  relatively  rare  metals.  To  the  many  urgent  reasons  for  seeking 
peace  and  for  damping  the  arms  race  must  be  added  the  conservation  of 
unreplaceable  resources  for  future  generations.  In  addition,  the  Depart- 
ments of  the  Interior  and  Commerce  should  be  authorized  and  directed  to 
collaborate  in  developing  and  instituting  a  practicable  and  effective  metal 
conservation  program.  Chapters  2,  6. 

14.  That  action  should  he  taken  to  reduce  the  laji  between  the  recognition  of 
probable  mineral-resource  shortages  and  investigations  intended  to  alleviate 
them.  It  takes  an  average  of  about  five  years  from  the  beginning  of  surface 
exploration  for  new  deposits  to  be  found  on  land  and  another  five  years  of 
underground  exploration  and  development  to  bring  them  into  production. 
Even  longer  lead  times  will  be  needed  in  developing  marine  mineral  resources. 
And  very  long  lead  times  must  be  allowed  for  the  surveys  and  research  needed 
to  establish  an  exploratory  framework  or  to  underpin  long-range  forecasts. 
Specific  recommendations  on  such  matters  should  be  a  primary  function  of 
the  Department  of  the  Interior,  which  should  also  continue  and  expand  its 
exploration  programs.  Chapters  6,  7. 

15.  Tliat  geological  exploration  of  the  continental  shelves  and  borderlands  be 
accelerated  and  intensified.  The  continental  shelves,  slopes,  and  rises,  and 
the  inland  seas,  are  the  parts  of  the  seabed  that  are  most  likely  to  contribute 
useful  and  abundant  mineral  commodities  to  supplement  our  depleting  re- 
serves on  land.  They  should  be  studied  not  only  for  their  broad  surficial 
features,  but  also  at  depth  by  drilling,  and  in  areal  detail  in  regions  that  offer 
good  prospects  either  of  containing  mineral  resources  or  of  contributing  to  an 
understanding  of  their  origin.  Contiguous  areas  ripe  for  such  detailed  studies 
include  the  Atlantic  shelves  and  the  Gulf  of  Mexico,  the  continental  border- 
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land  of  southern  California,  and  the  Bering  shelf.  In  emphasizing  the  con- 
tinental margins,  of  course,  we  merely  stress  the  logical  priorities.  We  do  not 
overlook,  but  rather  consider  as  severely  limited,  the  possibility  of  resources 
from  the  other  75  or  80  percent  of  the  sea.  Programs  now  in  progress  on  the 
continental  shelves  by  the  Department  of  the  Interior  should  be  continued, 
enlarged,  and  wherever  possible  improved;  and  Interior's  cooperative  efforts 
with  university  groups  should  be  increased.  Chapter  7. 

16.  Tluit  Icf^al prohlcnis  involved  in  marine  exploration  ami  mininf^  he  resolved 
with  as  little  delay  as  possihle,  and  international  agreements  established  to 

faeilitate  underwater  exploration.  Neither  national  nor  international  law  is 
really  clear  as  to  the  limits  within  which  discoveries  made  may  be  claimed  by 
private,  state,  or  national  interests.  Clarification  is  needed,  both  to  encourage 
exploration  and  to  avert  troublesome  disputes  over  ownership  of  marine 
resources  beyond  the  continental  shelves.  National  interests  beyond  the  con- 
tinental slopes  could  well  be  submerged  in  favor  of  some  workable  interna- 
tional jurisdiction  such  as  suggested  in  the  "Maltese  Proposition"— with  gain 
for  international  cooperation  and  little  loss  of  potential  territorial  wealth. 
The  Departments  of  the  Interior,  Commerce,  and  State  should  work  together 
on  these  problems.  Chapter  7. 

Policy  with  Regard  to  Sources  of  Energy 

17.  That  the  development  of  high-neutron-economy  reactors  he  accelerated, 
including  an  efficient  and  safe  type  or  types  of  breeder  reactor  (s) .  The  devel- 
opment of  nuclear  energy  is  an  urgent  national  and  global  goal  because  of  the 
approaching  depletion  of  fossil  fuels  and  the  need  to  conserve  them  for  other 
purposes.  But  without  greater  utilization  of  uranium-238  and  thorium-232 
through  breeding  or  other  efficient  conversion,  the  economics  of  nuclear 
power  is  such  that  the  supply  of  uranium-235  from  high-grade  ores  at  current 
prices  could  become  severely  restricted  within  a  few  decades.  The  achieve- 
ment of  nuclear  fusion,  of  course,  would  greatly  extend  nuclear  reserves  in 
the  very  long  term,  and  fundamental  research  in  this  field  should  be  con- 
tinued. Chapter  8. 

18.  That  the  fossil  fuels  be  conserved  for  uses  which  cannot  be  met  by  other 
sources.  The  fossil  fuels  (petroleum,  natural  gas,  coal)  are  needed  for  petro- 
chemicals, synthetic  polymers,  and  essential  liquid  fuels,  for  which  suitable 
substitutes  are  as  yet  unknown.  They  might  also  play  a  part  in  synthetic  or 
bacterial  food  production  (although  such  a  use  is  also  limited).  They  should 
not  be  spent  in  the  generation  of  electricity,  for  heating,  and  for  industrial 
purposes  where  substitutes  can  qualify.  The  Department  of  the  Interior 
should  be  authorized  and  directed  to  develop  and  institute  a  practicable  and 
effective  hydrocarbon  conservation  program.  Chapter  8. 
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RESEARCH 

Research  is  clearly  an  essential  component  of  many  of  the  preceding  recom- 
mendations, yet  there  are  additional  topics  in  need  of  intensified  research 
which  we  believe  deserve  early  attention.  The  Committee  on  Resources  and 
Man,  therefore,  recommends  greatly  increased  research  on: 

General 

19.  The  complex  of  nonmaferiol  factors  that  affect  man 's  use  of  and  dcnunul  for 
resources.  Although  circumstances  required  the  present  Committee  to 
bypass  most  aspects  of  such  a  study,  our  inquiries  so  strongly  reinforce 
the  need  for  it  that  we  urge  the  formation  of  another  group  to  study  the 
various  social,  psychological,  legal,  medical,  religious,  and  political  as- 
pects of  the  problems  of  resources  and  man  that  we  have  been  forced  to  set 
aside.  What,  for  instance,  are  the  consequences  of  man's  different  conceptual 
environments— of  how  he  imagines  things  to  be  regardless  of  how  they  really 
are?  What  is  the  effect  of  religion  and  religious  differences  on  the  nature  of 
and  demand  for  resources?  How  can  cultural  preferences  be  altered  so  as  to 
relieve  demand  on  resources  and  reduce  pollution  while  minimizing  social 
disruption?  What  are  the  processes  whereby  regulation  of  family  size  is  best 
achieved?  How  do  resources  and  economic  factors  really  interact?  What  are 
the  resource  consequences  of  technological  development  and  of  different 
densities  and  patterns  of  human  settlement?  As  with  Recommendation  7,  the 
National  Science  Foundation  would  do  well  to  consider  this  an  area  of  major 
focus  for  its  growing  program  in  the  behavioral  sciences.  The  Department  of 
Health,  Education,  and  Welfare,  of  course,  should  also  be  involved. 

Sources  of  Food 

20.  Tropical  lands  and  crops.  The  tropics  are  among  the  most  thickly  popu- 
lated regions  of  the  earth,  yet  they  produce  insufficient  food  for  their  popula- 
tions. This  poor  productivity  in  food  resources  for  humans  is  in  part  due  to 
the  unusual  ecological  diversity  of  large  parts  of  the  tropical  climatic  zone. 
It  is  also  in  part  due  to  geologic  and  climatic  factors  which  make  many 
tropical  soils  (lateritic  and  leached  soils)  deficient  in  mineral  nutrients  and 
resistant  to  tilth  as  compared  with  those  of  the  middle  latitudes.  It  will 
require  more  than  good  seeds  and  good  management  to  turn  the  Amazon 
Basin  into  another  "breadbasket."  Assuming  it  can  be  done,  it  will  require 
enormous  quantities  of  mineral  fertilizer  and  a  good  share  of  creative 
agricultural  science.  These  and  interacting  sociological  and  economic  factors 
must  be  weighed  in  seeking  to  develop  new  food  crops  that  could  increase  the 
present  productivity  of  tropical  regions  without  seriously  impairing  their 
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ecological  stability.  This  is  clearly  a  job  for  the  Department  of  Agriculture, 
with  the  collaboration  of  the  State  Department;  but  continuation  of  the 
good  works  of  the  Rockefeller  Foundation  should  be  encouraged,  and  the 
participation  of  the  National  Science  Foundation  in  the  long-range  aspects 
of  the  program  through  the  sponsorship  of  private  institutions  is  also 
important.  Chapter  4. 

21.  The  productivity  of  the  sea  and  fresh  waters.  How  can  aquatic  produc- 
tivity useful  to  man  be  increased  and  a  larger  fraction  of  food  be  harvested 
from  the  waters  without  endangering  desirable  species?  The  variety  and 
quantity  of  food  products  from  the  sea  might  be  increased  (a)  by  transplanta- 
tions shown  to  be  feasible  as  a  result  of  studies  of  the  life  cycles  and  ecological 
adaptivity  of  organisms;  (b)  by  more  widespread  culture  of  food  animals; 
and  (c)  by  improved  methods  of  capture.  More  intensive  fishing  for  some 
species  is  desirable,  whereas  for  others  greater  yield  must  be  sought  by 
restricting  fishing  effort  under  international  agreement.  Research  alone  can 
produce  the  information  needed  to  resolve  such  questions.  This  recom- 
mendation involves  a  clearly  defined  mission  of  the  Department  of  the 
Interior,  but  it  could  also  appropriately  be  furthered  by  National  Science 
Foundation  grants  in  the  underlying  supporting  disciplines  such  as  aquatic 
biology  and  ecology.  Chapter  5. 

22.  Methods  of  harvesting  currently  unused  but  edible  aquatic  organisms. 
Many  species  of  marine  organisms  can  be  eaten  and  occur  in  quantity  but  are 
difficult  to  catch  in  large  volumes.  A  practicable  method  for  harvesting  the 
larger  species  of  animal  plankton,  for  instance,  would  permit  us  to  work 
closer  to  the  base  of  the  food  pyramid  and  thus  to  utilize  a  larger  fraction  of 
the  total  stock.  Although  this  would  carry  the  risk  of  affecting  other  fisheries 
adversely,  it  might  be  done  in  regions  where  the  planktonic  animals  are  not 
being  consumed  in  quantity  by  usable  animals.  The  sm^ll  crustaceans  called 
krill,  for  example,  although  abundant  in  both  Arctic  and  Antarctic  seas  (and 
formerly  harvested  by  whales)  are  not  now  being  utilized.  This  recommenda- 
tion involves  an  established  mission  of  the  Department  of  the  Interior,  but 
the  National  Science  Foundation  could  also  play  a  part  through  support  for 
this  objective  under  its  Sea  Grant  program.  Chapter  5. 

23.  Tlie  processing,  marketing,  and  consumer-acceptance  of  products  such  as 
fish-protein  concentrates.  Proteins  and  fats  from  the  waters  could  be  much 
more  widely  and  effectively  used  in  human  nutrition  if  organisms  not  now 
acceptable  for  food  as  harvested  could  be  concentrated  in  palatable  form.  In 
view  of  their  established  missions,  this  recommendation  concerns  the  Depart- 
ments of  the  Interior,  Commerce,  and  State.  Chapter  5. 
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Mineral  Resources 

24.  The  geolof^y.  discovery,  and  development  of  ore  deposits.  Fspccially 
needed  are  studies  of  the  genesis,  localization,  and  discovery  of  ore  bodies 
that  have  no  surface  manisfestation  — "blind"  ore  bodies.  New  methods  must 
be  employed  in  seeking  such  ores,  and  belter  methods  are  needed  in  evalu- 
ting  and  recovering  them.  Concepts  of  metallogenic  provinces  also  need  to 
be  clarified  and  extended;  for  they  might  help  greatly  with  the  intensified 
geochemical  census  urged  in  Recommendation  2.  Equally  needed  is  research 
on  the  geology,  exploration  methods,  and  evaluation  and  recovery  of  marine 
mineral  resources.  The  U.S.  Geological  Survey  and  the  U.S.  Bureau  of  Mines 
should  be  encouraged  to  expand  and  improve  their  programs  dealing  with 
such  problems.  Chapters  6,  1. 

25.  The  geology  of  the  sea  floor  beyond  and  adjacent  to  the  continents. 
Although  prosfx^cts  of  specific  rewards  should  not  be  called  upon  or  required 
to  justify  exploration  of  the  deep  sea  floor,  some  new  mineral  wealth  can  cer- 
tainly be  expected  as  a  partial  consequence.  Such  bonuses,  to  be  sure,  are  just 
as  likely  to  come  from  a  better  understanding  of  the  processes  involved  in  the 
origin  of  land  deposits  as  from  actual  discovery  of  ore  deposits  at  the  sea 
floor.  At  the  very  least,  sea  floor  studies  will  contribute  to  better  concepts  of 
the  structure,  evolution,  and  management  of  the  earth.  Such  research  can  and 
should  be  undertaken  by  a  number  of  different  government,  private,  and 
university  organizations,  and  all  should  be  encouraged.  The  continued 
healthy  growth  of  the  Sea  Grant  program  of  the  National  Science  Founda- 
tion could  serve  this  end.  Chapter  1. 


ORGANIZATION 

Because  national  and  international  welfare  and  harmony  ultimately  depend 
on  natural  resources,  and  since  conditions  affecting  resources  are  constantly 
changing,  it  is  only  prudent  to  monitor  these  changes  in  such  a  way  that  crises 
of  supply  or  environmental  degradation  can  be  foreseen  and  ameliorated.  As 
an  important  move  toward  such  a  review  and  warning  system,  therefore,  we 
recommend: 

26.  That  there  be  established,  at  an  appropriate  location  within  the  United 
States  government,  a  high-level  group  of  broadly  qualified  resource  specialists 
andecologists  having  the  following  duties— 

(a)  to  maintain  continuing  suicveillance  of  both  nonrenewable  and  renew- 
able resources,  particularly  with  regard  to  the  future; 

(b)  to  inform  the  government  and  the  public  concerning  impending  short- 
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ages,  problems  of  environmental  deterioration,  and  other  prospective 
developments  alTecting  natural  resources; 
(c)  to  recommend  to  the  government  well  in  advance  of  crises  optimum 
courses  of  action,  not  only  for  the  avoidance  of  resource  shortages  and 
environmental  catastrophe,  but  equally  for  the  achievement  of  maxi- 
mum social  well  being  and  international  harmony  in  the  uses  of 
resources. 


643 


2/lnteractions  Bet\A/een 
Man  and  His 
Resources 


John  D.  Chapman 


"Resources  are  not:  they  become. " 
—  E.  S.  Zimmerman,  1951.  p.  15 


It  is  the  purpose  of  this  chapter  to  introduce  a  geographer's  view  of  the  rela- 
tions between  resources  and  man.  In  such  a  context  one  looks  upon  the 
elements  of  the  physical  world  as  having  significance  only  in  relation  to  the 
inhabitants  for  whom  they  constitute  environment.  The  particular  elements 
or  combinations  of  elements  that  are  significant  vary  according  to  whether 
human,  animal,  or  plant  life  is  involved;  each  has  its  own  system  and  sub- 
systems, separately  identifiable  but  all  more  or  less  interlocked.  In  the  human 
ecosystem,  man  assigns  untility  to  various  elements  of  his  environment  and 
thus  confers  upon  them  the  role  of  resources.  Resources  then  are  neither 
wholly  of  the  physical  world  nor  wholly  of  the  world  of  man  but  are  the  result 
of  the  interaction  between  the  two.  The  environmental  elements  that  man 
calls  upon  to  serve  as  resources,  and  the  nature  and  size  of  the  requirements 
he  places  upon  them,  depend  on  his  numbers,  his  needs  and  desires,  and  his 
values  and  skills. 


Typescript  received  September  1967.  Final  revision,  June  1968. 
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RESOURCE  REQUIREMENTS 

Man's  resource  requirements  depend,  among  other  things,  on  the  sizes  and 
distribution  of  populations.  On  the  global  scale  he  is  faced  with  a  relentless 
population  growth  and  with  increasing  concentration  into  particular  regions. 
Within  such  regions,  there  is  further  concentration  into  urban,  metropolitan, 
and  megalopolitan  nodes.  While  each  additional  human  being  requires  an 
increment  of  basic  necessities  such  as  food,  water,  shelter,  and  space,  he  also 
requires  more.  How  much  more,  and  of  what,  depends  upon  his  individual 
tastes  and  desires  as  well  as  his  ability  to  satisfy  them.  Mankind  collectively 
is  in  the  midst  of  a  "revolution  of  rising  expectations,"  involving  a  universal 
commitment  to  the  concept  of  economic  growth  as  "an  irreversible  and 
irrepressible  need"  (Jaguaribe,  1966). 

The  gap  between  economies  characterized  by  massive  consumption  and 
modest  population  and  those  characterized  by  low  consumption  and  massive 
population  is  seen  by  many  as  a  major  contributor  to  world  instability.  Large- 
scale  efforts  have  been  made  and  are  being  made  to  narrow  this  gap  and  to 
diffuse  higher  per  capita  consumption  to  an  ever  greater  proportion  of  the 
world's  population.  Some  realists  observe  that,  although  the  minimum  levels 
are  indeed  being  raised,  the  gap  is  widening,  not  closing  (Myrdal,  1965). 
Others  speculate  about  world  requirements  for  metals,  fuels,  and  food  if  the 
per  capita  consumptions  of  the  North  Atlantic  economies  are  to  be  ap- 
proached elsewhere.  Relating  such  requirements  to  their  expectations  for 
available  resources,  they  see,  in  the  short  run,  the  prospect  of  an  attractive 
market  situation;  in  the  long  run,  the  specter  of  scarcity  and  exhaustion. 

In  economies  with  already  high  per  capita  economic  development,  further 
increments  of  growth  contain  smaller  requirements  for  material  input 
(Barnett  and  Morse,  1 963).  In  such  economies,  reduction  in  the  rate  of  growth 
of  the  required  quantity  of  new  material  input  (i.e.,  resources)  is  accompanied 
by  a  growing  concern  for  the  "quality  of  the  environment"  (Jarrett,  1966). 
There  is  the  implication  that  as  a  society  reaches  some  threshold  of  economic 
development,  with  its  attendant  scientific  and  technological  capabilities,  it 
can  afford  to  concern  itself  less  with  materials  and  quantity  and  more  with  the 
quality  of  life.  Whether  this  implication  is  true  or  not,  and  however  we  define 
our  terms,  attaching  utility  to  the  quality  of  environment  has  the  effect  of 
perceiving  as  resources  some  aspects  of  the  environment  not  previously  con- 
sidered to  be  resources— the  appearance  of  the  landscaf)e,  wilderness,  animal 
life,  plant  associations,  and  the  like.  A  range  of  new  problems  thus  emerges 
(Krutilla,  1967). 

More  serious  are  recently  formulated  questions  that  squarely  challenge  the 
need  for  and  desirabihty  of  continued  expansion  of  per  capita  consumption 
(Boulding,  1966).  Does  not  this  very  expansion  create  indirect  costs  (e.g., 
waste  disposal,  health  hazards)  that  outweigh  the  benefits?  Is  it  possible  that 
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American  standards  ofconsumplion  arc  excessive  and  that  to  accept  them 
as  world  targets  is  a  tragic  mistake?  Can  improvements  in  the  quahty  of  the 
environment  and  of  \\(c  be  most  satisfactorily  achieved  at  a  lower  level  of 
material  consumption  than  is  associated  with  the  "average"  American  today? 
Questioning  voices,  however,  are  rarely  heard  above  the  broad  swell  of 
belief  in  what  is  considered  to  be  the  inherent  necessity  for  economic  growth 
and  increased  per  capita  consumption.  When  coupled  with  an  increasing  pop- 
ulation, such  rising  expectations  seem  bound  to  increase  resource  require- 
ments at  exponential  rates. 


RESOURCE  AVAILABILITY 

The  availability  of  resources  at  any  time  is  the  result  of  the  interactions  among 
the  nature  and  size  of  man's  requirements,  the  physical  occurrence  of  the 
resource,  and  the  means  of  producing  it.  Estimates  of  the  future  availability 
of  resources,  therefore,  require  the  assessment  of:  (a)  the  particular  combina- 
tion of  economic  and  technological  conditions  that  determines />rc.vc/;/  pro- 
duction, (b)  the  level  of  production  that  would  take  place  under  difTerent 
economic  conditions,  (c)  the  level  of  production  that  could  take  place  under 
ditTerent  technological  conditions,  and  (d)  the  nature  and  quantity  of  the 
total  physical  stock  of  both  "renewable"  and  "nonrenewable"  resources. 
Because  the  relations  between  these  physical  and  human  variables  are  com- 
plex and  vary  with  time  and  place,  views  concerning  future  supply  need  to  be 
carefully  expressed  and  set  in  a  context  such  as  the  threefold  hierarchy  of  total 
stock,  resource,  and  producible  reserve.  These  concepts  are  summarized  be- 
low from  the  work  of  Lovejoy  and  Homan  ( 1 965),  substituting  the  term  total 
stock  for  their  use  of  resource  base. 

Total  stock  is  the  sum  of  all  components  of  the  environment  that  would  be 
resources  if  they  could  be  extracted  from  it.  Assessment  of  the  total  stock  is 
largely  the  concern  of  earth  and  life  scientists,  and  the  state  of  knowledge 
concerning  it  depends  on  the  adequacy  of  prevailing  theory,  the  state  of 
exploration  and  survey  technology,  and  the  extent  of  its  application.  Applied 
to  what  are  conventionally  referred  to  as  nonrenewable  resources,  the  total 
stock  is  finite  and  thus  eventually  exhaustible.  Applied  to  renewable  re- 
sources, the  total  stock  consists  of  highly  complex  systems  in  a  state  of 
dynamic,  delicately  balanced,  and  only  partially  understood,  equilibrium. 

Resources  comprise  that  proportion  of  the  total  stock  that  man  can  make 
available  under  technological  and  economic  conditions  different  from  those 
that  prevail.  The  state  of  technology  assumed  will  set  the  limits  within  which 
different  economic  and  social  variables  can  determine  what  proportion  of  the 
total  stock  can  become  available.  Assessment  of  a  resource  involves  not  only 
physical  and  biological  scientists  but  applied  and  social  scientists  as  welL 
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They  must  make  judgments  about  the  directions  and  rate  of  change  of  tech- 
nological developments  (e.g.,  gradual  increase  of  efficiency  of  extraction  of  a 
mineral  deposit  or  yield  of  a  crop  as  against  dramatic,  ordcr-of-magnitude, 
breakthrough  changes);  about  the  impact  of  changed  economic  conditions 
and  new  alignments  in  international  relations;  and  about  public  attitudes  on 
such  varied  matters  as  birth  and  population  control,  transportation  prefer- 
ences, and  clean  air.  In  essence  the  question  is  one  of  judging  man's  potential 
for  creating  resources  out  of  the  total  stock;  of  selecting  the  chief  agent  of 
change  from  among  technological,  economic,  or  other  societal  forces;  and  of 
determining  the  relevant  time  and  space  dimensions.  Resource  estimates  are 
speculative  in  proportion  to  the  extent  to  which  they  go  beyond  prevailing 
conditions  and  the  amount  by  which  they  extend  the  time  and  space  over 
which  they  apply. 

Reserve  refers  to  that  proportion  of  a  resource  that  is  known  with  reason- 
able certainty  to  be  available  under  prevailing  technological,  economic,  and 
other  societal  conditions.  This  term  embraces  current  extraction  rates,  yield, 
management  practices,  legal  frameworks,  and  social  attitudes.  It  is  therefore 
the  least  speculative,  shortest  term,  most  place-specific,  and  smallest  of  the 
three  types  of  estimates. 

These  three  concepts  provide  a  framework  into  which  each  of  the  many 
estimates  of  resource  availability  may  be  fitted  and  thus  be  seen  in  perspec- 
tive. By  providing  a  rationale  that  can  accommodate  what  often  appears  to  be 
starkly  conflicting  professional  opinions,  these  concepts  reduce  the  ground 
for  misunderstanding,  overoptimism,  or  undue  pessimism.  Furthermore, 
they  incorporate  the  notion  of  resources  moving  from  one  threshold  of  avail- 
ability to  another  in  response  to  changing  values  of  variables  under  human 
control,  allow  estimates  to  be  made  in  physical  or  economic  terms,  and  yet 
permit  retention  of  the  essentially  "physical  world"  character  of  the  materials 
involved. 


TIME,  SPACE,  AND  TECHNOLOGY 

Among  the  many  factors  that  affect  the  relation  between  the  requirements  for 
and  the  availability  of  resources,  those  of  time,  space,  and  technology  are 
selected  for  particular  mention  here,  because,  despite  their  acknowledged 
importance,  they  often  do  not  receive  explicit  treatment. 

Time 

In  the  discussions  concerning  resources  and  man,  what  time  dimensions  are 
appropriate  and  in  what  terms  should  they  be  expressed?  Conservationists 
point  to  the  need  for  thinking  in  terms  of  generations  to  come.  Biologists  are 
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concerned  with  the  contrast  between  the  long  time  required  for  ecological 
processes  to  establish  a  dynamic  equilibrium  and  the  short  lime  it  takes  man 
to  introduce  major  instabihties.  Statements,  however,  are  rarely  time -specific. 

An  exception,  in  an  ecological  context,  is  found  in  Chapter  8,  in  which 
M.  King  Hubbert  sets  out  a  time  scale  in  thousands  of  years  on  either  side  of 
the  present,  in  order  to  illustrate  the  recency  of  prevailing  per  capita  energy 
consumption  and  its  potentially  short  life  unless  nuclear  energy  becomes 
available  in  large  quantities.  Landsbcrg,  Fischman,  and  Fisher  (1963)  con- 
ducted a  survey  of  U.S.  resources  that  specifically  dealt  with  the  interval 
ending  in  the  year  2000.  Barnett  and  Morse  (1963)  have  used  a  set  of  sche- 
matic curves  to  illustrate,  in  economic  terms,  their  concept  of  the  influence, 
over  an  increment  of  time,  of  technology  on  resource  availability. 

The  appropriate  time  scale  within  which  to  deal  with  questions  concerning 
resources  and  man  depends  on  whether  the  questions  being  raised  have  opera- 
tional, planning,  or  policy-making  implications  and  on  what  resources  are 
involved.  Some  would  say  that  one  should  look  ahead  only  as  far  as  the 
impact  of  prevailing  technology  and  other  societal  arts  can  be  discerned.  The 
extreme  expression  of  this  view  is  that,  because  the  rate  of  technological 
change  is  so  rapid,  projections  concerning  resources,  which  so  intimately 
involve  technology,  are  relatively  meaningless.  Others  claim  that  more  dis- 
tant vistas  must  t>e  scanned  in  order  to  demonstrate  that  unless  change  is 
initiated  in  directions  suggested  by  such  reviews,  there  will  be  insufficient  time 
to  avoid  drastic  consequences. 

In  what  terms  should  the  time  dimension  be  expressed?  In  absolute  num- 
bers of  years,  such  as  decades  or  centuries,  chosen  on  the  basis  of  some  bench 
mark  (e.g.,  midcentury,  centennial,  year  2000);  in  relative  terms,  such  as 
human  generations  or  time  to  harvestable  maturity ;  or  in  some  more  complex 
derived  terms,  such  as  the  period  required  to  double  the  population  or  to 
reach  the  "take-off"  jxriod  in  a  developing  economy. 

Whatever  the  answers  to  the  above  questions,  the  important  thing  is  to 
ensure  that  no  question  is  raised  and  no  answer  offered  without  being  accom- 
panied by  an  explicit  statement  of  the  time  period  to  which  it  refers  and  by  an 
evaluation  of  the  factors  that  have  been  considered.  The  more  restricted  the 
time  scale  adopted,  the  less  intractable  the  resource  problems  can  be  shown  to 
appear;  and  vice  versa.  With  no  time  scale  the  way  is  open  to  diametrically 
opposed  interpretations. 

Space 

The  spatial  context  refers  particularly  to  such  matters  as  spatial  scale,  loca- 
tion, distribution,  and  interaction.  These  are  dimensions  of  resource  prob- 
lems that,  although  frequently  mentioned,  are  rarely  dealt  with  explicitly. 
As  communications  have  improved  it  has  become  common  to  speak  of  one 
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world.  In  the  past,  interaction  across  great  distance  was  often  impossible  or 
severely  limited,  because  of  either  the  lack  of  or  the  high  cost  of  transporta- 
tion facilities.  Today,  with  the  advent  of  bulk  carriers,  pipelines,  highways, 
and  other  transportation  systems,  these  restraints  have  been,  or  can  be, 
greatly  reduced.  As  a  result  we  see  massive  long-distance  distribution  of 
previously  "shut-in"  resources  to  consuming  areas,  which  can  now  look 
farther  and  farther  afield  for  supply  and  can  consider  imports  as  a  realistic 
alternative  to  scarcity  or  reliance  on  domestic  resources  alone.  Furthermore, 
the  space  that  may  be  affected  by  some  developing  technologies  (e.g.,  offshore 
drilling,  undersea  mining,  weather  modification,  nuclear  engineering)  is  much 
larger  than  that  afiected  by  current  practices.  All  these  developments  lend 
support  to  the  notion  of  a  shrinking  world  in  which  various  factors  affecting 
resources  interact  more  and  more  complexly. 

Despite  these  strong  tendencies,  the  fact  is  that  the  physical  environment, 
the  cultural  values,  the  political  systems,  and  the  levels  of  economic  develop- 
ment continue  to  exhibit  marked  areal  differentiation.  Since  these  are  the 
variables  that  determine  the  relations  between  resources  and  man,  and  since 
they  differ  strikingly  from  place  to  place,  it  becomes  difficult  to  say  anything 
useful  about  this  man-resource  relationship  on  the  global  scale. 

In  fact,  there  is  not  just  one  world  of  resource  requirements  and  avail- 
abilities but  many.  The  access  of  a  particular  area  of  consumption  or  poten- 
tial consumption  to  one  of  supply  (and  vice  versa)  is  not  necessarily  assured. 
Although  reduced,  physical  problems  of  transportation  and  cost  still  exist,  as 
do  additional  institutional  and  cultural  barriers  to  spatial  interaction,  such  as 
political  alignments,  trade  policies,  and  their  manifestations  in  tariffs.  As  a 
result,  even  when  a  strong  complementarity  exists  between  a  "world  of 
surplus"  and  a  "world  of  want,"  they  remain  two  world  economies,  not  one. 
Between  them  very  real  barriers  may  prevent  spatial  interchange.- 

What,  then,  is  an  appropriate  ar  -'al  framework  within  which  to  deal  with 
resources?  In  general,  it  is  the  size  of  the  area  over  which  the  variables 
determining  resource  requirements  and  availabilities  have  been  or  can  be 
made  to  have  some  considerable  degree  of  homogeneity.  An  obvious  example 
is  the  nation  state.  Within  it  the  variables  can  be  brought  into  focus  and,  for 
short-  and  medium-range  intervals  of  time,  statements  concerning  resources 
can  be  made  with  a  high  degree  of  confidence.  Thus,  for  Canada  one  can 
specify  a  number  of  metals,  fossil  fuels,  and  renewable  resources,  whose  avail- 
ability will  continue  to  exceed  domestic  requirements  until  the  year  2000.  In 
this  statement  Canada  is  the  unit  of  reference— nothing  larger,  nothing 
smaller— and  the  dimensions  of  this  unit  determine  which  factors  are  internal 
and  which  are  external. 

In  general,  it  might  be  said  that  the  more  restricted  the  space  the  more 
severe  the  resource  problems  become,  the  more  rapidly  they  develop,  and  the 
greater  is  the  chance  that  effects  of  resource  operations  will  extend  beyond 
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the  area  in  which  they  are  initiated.  The  corollary  to  this,  of  course,  is  that 
the  greater  the  area  involved  the  greater  the  variety  of  potential  resources  and 
opportunities  for  spatial  substitution  and  dispersion,  with  attendant  decrease 
of  problems  and  a  longer  lead  lime  before  they  emerge.  The  ecology  of  re- 
sources thus  rcllccts  the  principle  stressed  in  Chapter  I -the  more  diverse 
systems  are  the  more  stable  ones. 

An  important  element  of  the  spatial  context  is  the  degree  of  concentration 
or  dispersion.  Many  problems  of  resources  and  environment  arise  as  a  result 
of  areal  concentration  of  consumers  (for  example,  spillover  effects  of  wastes 
produced  in  urban  areas  and  resulting  pollution  of  water,  land,  and  air). 
There  is  not  much  indication,  however,  that  the  pattern  of  distribution  of 
population  will  change  drastically  in  the  near  future  on  the  world  or  national 
scale.  Rather  it  appears  likely  that  there  will  be  an  increased  concentration  of 
population  as  a  result  of  the  coalescence  of  present  nodes.  If  this  occurs,  then 
the  resource  implications  of  spatial  concentration  of  population  should  re- 
ceive as  much  attention  as  those  of  a  nonspatially  explicit  increase  in  total 
numbers.  Among  other  things,  we  must  ask  how  massive  intercontinental 
migration  can  be  restrained  as  the  pressure  of  population  on  resources  rises 
locally.  And  how  shall  we  resolve  the  agonizing  confrontation  between  rising 
ethical  standards  in  the  developed  world  and  the  needs  of  the  rapidly  in- 
creasing underprivileged  and  undernourished  for  space  as  well  as  food? 

What  are  the  resource  implications  of  concentration  versus  dispersion  of 
population?  Is  there  convincing  evidence  that  the  forces  bringing  about  con- 
centration will  necessarily  continue  to  outweigh  the  forces  causing  dis- 
persion? From  a  resource  point  of  view,  should  public  policy  seek  ways  of 
accommodating  to  the  seemingly  ever-increasing  concentration,  or  should  it 
seek  to  bring  about  dispersion?  Does  society  prefer  increasing  technological 
complexity,  population  control,  social  revolution,  or  some  combination  of 
these  things?  The  spatial  scale  at  which  questions  such  as  these  are  posed  and 
the  assumptions  made  about  spatial  distribution  and  interaction  will  have  a 
significant  influence  both  on  the  nature  of  the  answers  and  on  the  range  in 
space  to  which  they  can  be  extended. 

Technology 

One  of  the  most  fundamental  societal  factors  involved  in  the  interaction 
between  man  and  nature  is  the  technology  that  man  has  at  his  disposal  for 
discovering,  producing,  processing,  and  using  the  materials  of  his  environ- 
ment. The  range  of  technology  available  changes  rapidly  with  time  as  the 
total  stock  of  skills  and  understanding  grows,  as  a  result  of  both  many  small 
incremental  gains  and  larger  breakthrough  advances.  This  continuous  growth 
and  changing  capability  of  technology  contributes  greatly  to  the  dynamic 
stale  of  resource  issues. 
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The  impact  of  technological  advance  upon  resources  is  usually  interpreted 
positively,  optimistically,  and  enthusiastically,  for  it  provides  the  means  of 
"creating"  resources  out  of  environmental  material,  of  substitution,  of  in- 
creased extraction  rates,  and  of  greater  efficiency  of  use.  On  the  other  hand, 
the  enormous  requirements  of  some  technologies  in  themselves  contribute 
greatly  to  the  depletion  of  resources  and  to  the  production  of  waste  in  un- 
precedented quantities.  Furthermore,  technology  provides  the  means  by 
u'hich  man  may  ever  more  effectively  challenge  nature  (White,  1967)  and  thus 
be  increasingly  capable  of  unbalancing  the  systems  of  which  it  is  composed. 

In  recognizing  technology  as  one  of  the  most  powerful  forces  impinging 
on  the  resource  scene,  one  is  led  to  ponder  whether,  and  in  what  directions,  its 
development  is  influenced  by  interactions  between  resources  and  man.  New 
technology  arises  from  research  and  development  programs  that  are  them- 
selves started  and  directed  by  social,  political  (including  military),  and,  most 
frequently,  market  forces.  But  there  are  questions  to  which  the  market  does 
not  yet  know  how  to  react  (Krutilla,  1967)  and  other  questions  concerning 
relationships  that  are  expected  to  exist  sufficiently  far  into  the  future  so  that 
they  produce  no  signals  in  the  marketplace  of  today.  Where  technology  is  the 
limiting  factor,  the  question  is  whether  the  desired  technological  developn 
ment  will  arise.  Where  scarcity  of  particular  resources  may  become  limiting, 
the  question  is  whether  the  market  will  react  far  enough  ahead  to  provide 
time  for  substitutes  to  be  sought  or  technological  solutions  to  be  devised. 
(For  discussion  of  such  matters  see  U.S.  Department  of  Commerce,  1967; 
Nelson,  Peck,  and  Kalechek.  1967.) 

The  ability  to  invent  and  the  receptivity  to  innovation  and  dispersion  of 
new  techniques  vary  with  the  degree  of  development  of  a  society  with  respect 
to  a  range  of  cultural  characteristics,  of  which  education  is  often  seen  as  the 
most  important.  As  a  consequence,  pronounced  geographical  differences 
need  to  be  taken  into  account  when  evaluating  the  role  of  technology  in 
resource  development  and  use.  An  international  corporation  may  be  able  to 
disperse  technological  change  to  all  its  plants  regardless  of  their  location,  but 
the  dispersal  of  new  varieties  of  crops  to  millions  of  independent  users,  or  the 
introduction  of  such  users  to  the  use  of  artificial  fertilizer,  may  face  severe 
spatial  limitations.  It  must  be  stressed  again  that  in  practice  there  is  not  one 
technological  world  but  many,  and  that  to  extrapolate  from  experience  in  one 
area  to  expectations  in  another  is  hazardous. 


FRAMES  OF  REFERENCE 

Many  formulations  of  the  relation  between  man  and  resources  have  evolved 
over  the  years.  Each  of  these  tends  to  emphasize  a  particular  factor  or  group 
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of  factors  as  determinant,  and  each  has  been,  or  is,  sufficiently  plausible  to 
receive  wide  acceptance. 

The  Maithusian  Doctrine 

Malthus(1798.  p.  13-14)  wrote  that  "the  power  of  population  is  indefinitely 
greater  thanthepowcr  in  the  earth  to  produce  subsistence  for  man.  .  .  .  Popu- 
lation, when  unchecked,  increases  in  a  geometrical  ratio.  Subsistence  in- 
creases only  in  an  arithmetical  ratio." 

This  initial  statement  of  the  Maithusian  doctrine,  or  more  sophisticated 
versions,  lies  at  the  root  of  most  of  society's  anxieties  about  the  relations 
between  man  and  resources.  Specific  predictions  based  on  such  relations, 
however,  must  examine  the  relevance  of  the  underlying  assumptions  to  a 
particular  space  and  span  of  time. 

Conservation 

The  meaning  of  the  term  conservation  varies  from  person  to  person  and  time 
to  time,  although  it  is  generally  associated  with  resource  scarcity  and  has  its 
roots  in  the  Maithusian  formulation  (Barnett,  1959;  Krutilla,  1967).  The  con- 
servation idea,  however,  is  often  associated  with  political  and  emotional 
overtones.  Over  the  last  half  century  it  has  been  associated  with  a  number  of 
identifiable  viewpoints  (Herfindahl,  1961).  The  first  of  these  was  probably  the 
concern  to  define  the  "limits"  of  resources  by  means  of  inventories  and  sur- 
veys. Second,  in  order  to  avoid  the  problem  of  approaching  the  limits  of 
resource  availability,  the  notion  of  deferring  production  developed  and  be- 
came the  interpretation  of  conservation  generally  adopted  by  economists.  A 
third  viewpoint,  recognizing  that  use  is  unavoidable,  emphasizes  the  need  for 
constant  efforts  to  reduce  waste  and  encourages  multipurpose  use  whenever 
feasible.  A  fourth,  closely  associated  with  the  conservation  tradition,  calls  for 
the  preservation  of  nature  from  the  ravages  of  development. 

The  Ecological  Approach 

A  more  recent  fo. .nulation  of  the  man-resource  relationship,  with  some 
antecedents  in  the  conservation  idea  but  owing  its  full  development  more 
to  biologists  than  to  laymen,  is  the  ecological  approach.  This  approach 
sees  the  natural  world  as  a  series  of  interrelated  systems  in  a  state  of  dynamic 
equilibrium  into  which  man  intrudes  as  an  unbalancing  factor.  The  study 
of  these  complex,  interrelated  systems  by  proponents  of  this  approach  has 
led  to  support  for  multiple-path,  multiple-choice,  and  systems-analysis 
methodology  in  dealing  with  resource  problems  rather  than  "linear  chain- 
reaction  determinism"  (Weiss,  1962). 
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The  Technological  Fix 

During  the  last  decade  the  Mallhusian  doctrine  and  other  positions  of 
conservationists  have  come  under  attack  by  economists., The  doctrine  of 
scarcity  (in  economic  terms)  has  been  discounted,  and  at  least  the  part  of 
the  conservationist's  position  that  supported  the  deferment  of  use  has  been 
challenged.  The  key  process  supporting  such  challenge  is  technological 
change,  particular  emphasis  being  placed  on  such  developments  as  will 
permit  far-ranging  chemical  synthesis  and  olTer  the  prospect  of  more  massive 
and  cheaper  supplies  of  energy  than  man  has  ever  had  at  his  disposal  before. 
The  essence  of  this  view  is  expressed  by  Barnett  and  Morse  (1963,  p.  10)  as 
follows:  "Few  components  of  the  earth's  crust,  including  farm  land,  are 
so  specific  as  to  defy  economic  replacement,  or  so  resistant  to  technological 
advance  as  to  be  incapable  of  eventually  yielding  extractive  products  at 
constant  or  declining  cost." 

The  position  taken  is  that  given  mobilization  of  enough  highly  trained 
personnel,  money,  and  equipment,  solutions  to  problems  of  foreseeable 
resource  scarcities  will  become  available.  Some  proponents  of  this  view 
claim  that  to  bring  about  the  necessary  technological  development  is,  in  the 
long  run,  easier  than  attempting  to  change  social  attitudes  toward  resources 
and  environment  (Weinberg,  1966). 

The  Quality  of  Environment 

In  many  respects  the  quest  for  environmental  quality,  and  the  measurement 
of  other  goals  in  relation  to  this,  is  closely  allied  with  the  ecological  approach ; 
but  it  draws  increasingly  wide  support  from  physical  and  social  scientists, 
as  well  as  from  the  public  and  government  (Jarrett,  1966).  Clean  air,  clean 
water,  beautiful  landscapes,  and  the  like  are  said  to  become  the  goals  of 
society  when  the  benefits  of  technology  release  it  from  an  overriding  concern 
with  material  resources. 


CONCLUSIONS 

Each  of  the  formulations  identified  above  has  its  proponents  in  high  places 
and  its  following  in  the  citizenry  at  large.  Adherence  to  one  or  another  of 
them  is  basically  determined  by  which  combination  of  variables  is  given 
the  greatest  weight,  the  terms  used  (e.g.,  physical,  economic,  qualitative), 
and  the  temporal-spatial  context  assumed.  The  differing  assumptions  from 
which  they  depart  may  lead  to  such  contrasting  statements  as: 

The  notion  of  an  absolute  limit  to  natural  resource  availability  is  untenable  when 
the  definition  of  resources  changes  drastically  &nd  unpredictably  over  time. 
(Barnett  and  Morse,  1963,  p.  7.) 
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and 

That  such  rates  of  growth  arc  essentially  ephemeral,  and  cannot  be  continued  into 
the  future  indefinitely,  can  be  seen  by  noting  that  the  earth  on  which  we  live  is 
finite  in  magnitude;  whereas  no  physical  quantity,  whether  the  human  population, 
the  rate  of  energy  consumption,  or  the  rate  of  production  of  a  material  resource 
such  as  a  metal,  can  continue  at  a  fixed  exponential  rate  without  soon  exceeding 
all  physical  bounds.  (Hubbcrt,  1962.  p.  125.) 

Which  of  the  many  variables  are  the  determinants,  which  of  the  several 
perspectives  the  most  germane?  There  is  no  one  answer  for  all  time  and  all 
places.  Reality  requires  that  account  be  taken  of  variations  both  in  time  and 
space  together,  and  that  is  where  the  greatest  difficulties  and  contradictions 
arise. 

The  commitment  of  highly  respected  individuals  and  groups  to  particular 
perspectives,  and  the  resulting  variety  of  positions,  is  both  confusing  and 
troublesorne.  If  policy  makers,  managers,  and  the  public  at  large  become 
committed  too  far  to  one  outlook,  the  danger  arises  that  some  insights  of 
the  others  will  be  lost  or  that  debate  will  center  on  the  polemics  of  the  bias 
in  vogue.  Preferable  is  a  continuing  balanced  appraisal  of  the  complex 
and  dynamic  interaction  between  man  and  resources,  set  explicitly  in  the 
context  of  the  range  oi^  perspectives  available  and  varying  with  the  times 
and  places  involved.  Perhaps  the  most  helpful  thing  that  could  happen 
would  be  for  students  of  the  problem  to  agree  on  a  few  models  in  lime,  space, 
population  density,  and  level  of  living  that  would  become  frames  of  reference 
for  the  unambiguous  evaluation  of  resource  sufficiency. 
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8/Energy  Resources 


M.  King  Hubbert 


"The  optimist  proclaims  that  we  live  in  the  best  of  all 
possible  worlds:  and  the  pessimist  fears  this  is  true. " 
—James  Branch  Cabell,  1926,  p  129 


Into  and  out  of  the  earth's  surface  environment  there  occurs  a  continuous 
flux  of  energy,  in  consequence  of  which  the  material  constituents  of  the 
earth's  surface  undergo  continuous  or  intermittent  circulation.  By  far  the 
largest  source  of  this  energy  flux  is  solar  radiation,  a  small  fraction  of  which 
is  captured  by  the  leaves  of  plants  and  stored  as  chemical  energy.  This 
chemically  stored  solar  energy  becomes  the  essential  biological  energy 
source  for  the  entire  animal  kingdom.  In  particular,  it  supplies  the  energy 
required  as  food  for  the  human  population  at  an  average  rate  of  about  2.000 
kilocalories  per  capita  per  day.  or  at  a  per-capita  consumption  rate  of  about 
100  thermal  watts. 

During  geologic  history,  a  minute  fraction  of  the  organic  matter  of  former 
plants  and  animals  became  buried  in  sedimentary  sands,  muds,  and  limes, 
under  conditions  of  incomplete  oxidation.  This  has  become  the  source  of 
our  present  supply  of  fossil  fuels— coal,  petroleum,  and  natural  gas. 

During  the  last  hundred  thousand  years  or  so.  the  human  species  has 
slowly  learned  to  manipulate  the  energy  supply  of  its  biologic  and  inorganic 
environment  in  such  a  manner  as  to  produce  a  continuous  increase  in  its 
total  energy  supply,  and  a  resulting  increase  in  its  population.  However, 
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until  recent  centuries  the  increase  in  the  rate  of  total  energy  consumption  was 
very  much  less  than  the  increase  in  the  rate  of  population  growth.  Con- 
sequently, the  population  has  tended  to  remain  in  balance  with  the  increase 
in  energy  supply,  while  the  biologic  and  inorganic  energy  consumed  per 
capita  remained  at  a  low,  nearly  constant  level— only  slightly  more  than  that 
of  the  food  supply. 

Release  from  this  constraint  was  not  possible  until  an  energy  supply 
capable  of  exploitation  faster  than  the  human  population  could  grow  should 
become  available.  Such  an  energy  supply  is  that  represented  by  the  fossil 
fuels.  Continuous  mining  of  coal  began  about  eight  centuries  ago  and 
production  of  petroleum  just  over  one  century  ago.  From  small  beginnings, 
the  use  of  energy  from  these  sources  has  grown  until,  during  most  of  the  last 
century,  world  consumption  of  energy  from  the  fossil  fuels  has  increased  at 
about  4  percent  per  year.  The  world's  human  population  has  also  responded 
to  this  stimulus  and  is  now  growing  at  a  rate  of  just  under  2  percent  per  year. 
Hence,  at  present,  the  world's  average  nonnutrient  energy  consumption 
per  capita  is  increasing  at  about  2  percent  per  year. 

Since  the  earth's  deposits  of  fossil  fuels  are  finite  in  amount  and  non- 
renewable during  time  periods  of  less  than  millions  of  years,  it  follows  that 
energy  from  this  source  can  be  obtained  for  only  a  limited  period  of  lime.  In 
the  present  study,  it  is  estimated  that  the  earth's  coal  supplies  are  sufficient 
to  serve  as  a  major  source  of  industrial  energy  for  two  or  three  centuries.  The 
corresponding  period  for  petroleum,  both  because  of  its  smaller  initial 
supply  and  because  of  its  more  rapid  rate  of  consumption,  is  only  about 
70-80  years. 

In  particular,  it  is  estimated  that  the  United  States  (exclusive  of  Alaska) 
will  reach  its  culmination  in  crude-oil  production  near  the  end  of  the  1960- 
decade  and  its  culmination  in  the  production  of  natural  gas  about  a  decade 
later.  The  date  at  which  world  production  of  petroleum  will  reach  its 
maximum  is  estimated  to  be  about  the  year  2000.  or  about  30  years  hence. 

In  view  of  the  fact  that  60  percent  of  the  world's  present  production  of 
energy  for  industrial  purposes,  and  67  percent  of  the  United  States',  is 
obtained  from  petroleum  and  natural  gas,  the  imminent  culmination  and 
decline  in  the  annual  supplies  of  these  fuels  poses  problems  of  immediate 
concern.  In  the  United  States,  in  particular,  there  is  a  need  for  immediate 
formulation  of  policies  concerned  with  making  up  the  deficit  in  the  supply 
of  liquid  and  gaseous  fuels  soon  to  result  from  the  decline  in  the  production 
rate  of  oil  and  natural  gas. 

Looking  farther  into  the  future,  the  energy  needs  of  the  United  States  and 
the  world  could  be  met  for  another  century  or  two  by  coal  alone.  After  that, 
dependence  upon  other  sources  of  energy  would  become  unavoidable. 
Of  these,  large-scale  power  production  directly  from  solar  energy  appears 
technologically  unpromising.  The  world's  potential  supply  of  water  power  is 
comparable  in  magnitude  to  the  present  rate  of  energy  consumption  from 
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the  fossil  fuels.  However,  most  of  this  occurs  in  the  industrially  undeveloped 
areas  of  Africa,  South  America,  and  southeast  Asia,  and  could  only  be 
utilized  by  a  parallel  industrialization  of  these  areas.  In  addition,  although 
water  power  is  capable  of  continuing  for  periods  of  geologic  time,  a  practical 
limit  in  the  case  o{'  large  dams  and  reservoirs  is  set  by  the  period  of  a  few 
centuries  required  for  the  reservoirs  to  fill  with  sediments. 

Geothermal  and  tidal  energy  is  now  being  exploited  in  a  few  suitable  sites 
around  the  world,  but  the  ultimate  amount  of  power  from  these  sources 
does  not  promise  to  be  larger  than  a  small  fraction  of  the  world's  present 
power  requirements. 

This  leaves  us  with  nuclear  energy  as  the  only  remaining  energy  source  of 
sufficient  magnitude  and  practicability  of  exploitation  to  meet  the  world's 
future  energy  needs  at  either  present  or  increased  rates  of  consumption.  Of 
the  possible  sources  of  nuclear  energy,  that  from  fusion  has  not  yet  been 
achieved  and  may  never  be.  Power  from  the  fission  of  uranium-235  is  an 
accomplished  fact,  and  reactors  in  the  500  to  1,000  megawatt-capacity 
range,  fueled  principally  by  this  isotope,  are  rapidly  being  constructed. 
However,  the  supply  of  uranium-235  is  such  that  serious  shortages  in  the 
United  States  are  already  anticipated  within  the  next  two  decades. 

In  the  light  of  present  technology,  we  are  left  then  with  the  development 
of  full-breeding  nuclear  reactors  capable  of  consuming  all  of  natural 
uranium  or  of  thorium  as  our  only  adequate  source  of  long-range  industrial 
power.  In  view  of  the  impending  shortage  of  uranium-235,  which  is  essential 
as  an  initial  fuel  for  breeder  reactors,  it  is  urgent  that  the  present  generation 
of  light-water  reactors  using  uranium-235  be  replaced  by  full  breeders  at  as 
early  a  date  as  possible.  Once  this  has  been  done,  power  production  from 
low-concentration  deposits  of  uranium  and  thorium  becomes  economically 
practicable.  The  amount  of  energy  represented  by  these  sources  is  many 
times  larger  than  that  of  the  fossil  fuels. 

With  the  nation's  and  the  world's  principal  industrial  energy  requirements 
supplied  by  nuclear  energy,  it  would  be  desirable  to  conserve  the  remaining 
fossil-fuel  resources  for  chemical  purposes.  More  important,  with  an 
adequate  energy  supply,  and  with  a  stabilization  of  the  world's  human 
population  at  some  near  optimum  magnitude,  it  should  be  possible  to  extend 
the  high  energy-per-capita  standard  of  living  now  characteristic  of  its  more 
industralized  areas  to  all  of  the  world's  peoples. 


ENERGY  IN   HUMAN  AFFAIRS 

When  Homo  sapiens  evolved  from  his  immediate  hominid  ancestors  a 
hundred  thousand  years  or  so  ago,  he  existed  in  some  sort  of  ecological 
adjustment  with  the  rest  of  the  ecological  complex,  and  competed  with 
other  members  of  that  complex  for  a  share  of  th**  contemporary  flux  of  solar 
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energy  essential  for  his  existence.  At  its  earliest  stage,  the  sole  capacity  of 
the  human  species  for  the  utilization  of  energy  must  have  been  limited  to  the 
food  which  it  ale— then,  as  now,  about  2,000  kilocalories,  or  8  million 
thermal  joules,  per  capita  per  day. 

Between  this  earliest  stage  and  the  dawn  of  recorded  history,  this  species 
distinguished  itself  from  all  others  in  its  inventiveness  of  means  for  the 
conquest  of  a  larger  and  larger  fraction  of  the  available  energy.  The  invention 
of  clothing,  the  use  o^^  weapons,  the  control  of  fire,  the  domestication  of 
animals  and  plants,  all  had  this  in  common:  each  increased  the  fraction  of 
solar  energy  available  for  use  by  the  human  species,  thereby  upsetting  the 
ecologic  balance  in  favor  of  an  increased  population  of  the  human  species, 
forcing  adjustments  of  all  other  populations  of  the  complex  of  which  the 
human  species  was  a  member. 

From  that  early  beginning  until  the  present  this  progression  has  continued 
at  an  accelerating  rate.  It  has  involved  the  cmployjnent  of  beasts  of  burden, 
the  smelting  of  metals,  using  first  wood  and  later  coal  as  fuel,  and  the 
development  of  power  from  water  and  wind.  However,  throughout  this 
period  until  within  the  last  few  centuries  the  rate  at  which  these  changes 
were  accomplished  was  slow  enough  that  the  growth  of  population  was  more 
than  able  to  keep  pace.  The  rate  of  consumption  of  energy  per  capita, 
therefore,  increased  but  slightly. 

Emancipation  from  this  dependence  on  contemporary  solar  energy  was 
not  possible  until  some  other  and  hitherto  unknown  source  of  energy  should 
become  available.  This  had  its  beginning  about  the  twelfth  or  thirteenth 
century  when  the  inhabitants  of  the  northeast  coast  of  England  discovered 
that  certain  black  rocks  found  along  the  shore,  and  thereafter  known  as 
"sea  coales,"  would  burn.  From  this  discovery,  there  followed  in  almost 
inevitable  succession,  the  mining  of  coal  and  its  use  for  domestic  heating  and 
for  the  smelting  of  metals,  the  development  of  the  steam  engine,  the  loco- 
motive, steamships,  and  steam-electric  power. 

This  progression  was  further  augmented  when,  a  little  more  than  a 
century  ago,  a  second  large  source  of  fossil  energy  from  petroleum  and 
natural  gas  was  tapped,  leading  to  the  internal  combustion  engine,  the 
automobile,  the  aeroplane,  and  diesel-electric  power. 

A  third  source  of  energy,  that  from  the  atomic  nucleus,  was  first  brought 
under  control  as  recently  as  1942,  but  already  it  is  rapidly  becoming  the 
world's  largest  source  of  power. 


INDUSTRIAL  ENERGY 

Our  principal  concern  in  the  present  chapter  is  with  the  large  quantities  of 
energy  required  for  industrial  purposes,  as  contrasted  with  biological 
requirements.  This  had  its  principal  development  as  the  result  of  the  ex- 
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ploiiation  of  the  fossil  fuels.  Although  this  began  some  eight  centuries  ago, 
the  magnitudes  reached  before  the  nineteenth  century  were  almost  negligible 
compared  with  those  reached  subsequently.  Our  present  analysis,  ac- 
cordingly, need  not  extend  earlier  than  about  the  year  1800.  Furthermore, 
earlier  than  1860.  statistical  data  become  increasingly  unreliable  and 
ditVicult  to  assemble. 

Since  ISOO.  the  principal  sources  of  the  world's  industrial  energy  have  been 
the  fossil  fuels  and  water  power.  The  rise  in  the  world's  annual  production 
of  coal  and  lignite  since  1860  is  shown  graphically  in  F-igure  8.1.  that  of  the 
world's  crude-oil  production  since  1880  in  Figure  8.2.  and  the  annual 
production  of  energy  from  coal  and  crude  oil  in  Figure  8.3.  From  Figure  8.3, 
it  is  seen  that  the  energy  from  oil.  as  compared  with  that  from  coal,  was 
almost  negligible  until  after  1900.  Since  then,  the  contribution  of  oil  to  the 
total  energy  supply  has  steadily  increased  until  now  it  is  approximately  equal 
to  that  of  coal,  and  increasing  more  rapidly.  Not  included  in  Figure  8.3  is  the 
energy  from  natural  gas  and  natural-gas  liquids.  Were  this  added  to  that  of 
crude  oil,  the  energy  represented  by  the  petroleum  group  of  fuels  would  by 
now  (1968)  be  about  60  percent  of  the  total  from  coal,  petroleum,  and  water 
power.  Water  power  alone  contributes  only  about  2  percent. 

The  corresponding  growth  in  the  rates  of  production  of  coal,  of  crude  oil. 
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FIGURE  8.1 

World  production  of  coal  and  lignite. 
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FIGURE  8.2 

World  production  of  crude  oil. 


and  of  natural  gas  in  the  United  States  are  shown  in  Figures  8.4.  8.5.  and 
8.6,  respectively.  The  growth  in  annual  production  of  energy  in  the  United 
States  from  coal,  oil,  natural  gas,  and  water  and  nuclear  power  is  shown  in 
Figure  8.7.  In  the  United  States,  as  in  the  case  of  the  world,  since  1900  there 
has  been  a  progressive  increase  in  the  fraction  of  the  total  industrial  energy 
contributed  by  oil  and  natural  gas.  This  fraction  increased  from  7.9  percent 
in  1900  to  67.9  percent  by  1965.  The  contribution  of  coal,  during  the  same 
period,  decreased  from  89.0  percent  to  27.9.  Water  power,  although  con- 
tinually increasing  in  magnitude,  maintained  a  nearly  constant  percentage 
of  the  total  energy  produced.  It  increased  only  from  3.2  jjercent  in  1900  to 
4.1  percent  in  1965.  Nuclear  power,  by  1965,  represented  only  0.1  percent 
of  the  total. 

These  several  growth  curves  have  many  properties  in  common.  When 
replotted  on  semilogarithmic  paper,  each  plots  as  a  straight  line  for  a  period 
of  a  half-century  or  longer,  indicating  a  constant  exponential  rate  of  growth. 
Following  this  period  of  constant  growth  rate,  the  rate  of  production  falls 
steadily  below  its  initial  linear  projection. 

In  the  case  of  world  coal  production  shown  in  Figure  8.1,  the  production 
rate  falls  into  three  distinct  phases.  During  the  first,  extending  from  before 
1860  to  1913  (the  beginning  of  World  War  I),  the  production  rate  increased 
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cxponcnlially  at  an  average  rale  of  4.4  percenl  per  year,  with  the  annual 
production  doubhng  every  16  years.  During  the  second  period,  including  the 
two  world  wars  and  the  intervening  depression,  the  growth  rate  slowed  to 
0.75  percent  per  year  with  a  doubling  period  of  93  years.  Finally,  during  the 
third  period  from  World  War  II  to  the  present,  a  growth  rate  of  3.6  percent 
with  a  doubling  period  of  20  years  has  been  resumed. 

The  world  production  of  crude  oil,  except  for  a  slight  retardation  during 
the  depression  of  the  1930"s  and  during  World  War  II.  has  increased  from 
1890  to  the  present  at  a  nearly  constant  exponential  rate  of  6.9  percent  per 
year  with  a  doubling  period  of  10  years.  The  second  phase  of  retarded 
growth  rate  has  not  yet  been  reached. 

From  1850  to  1907.  the  curve  of  the  U.S.  production  of  coal  and  lignite 
followed  a  constant  exponential  growth  rate  of  6.6  percent  per  year  with  a 
doubling  period  of  10.5  years.  Before  1850,  the  growth  rate  was  somewhat 
higher,  but  the  production  rate  was  so  small  that  this  period  is  not  significant. 
From  about  1910  to  the  present,  production  has  oscillated  about  an  average 
rate  of  about  550  million  short  tons  per  year. 

U.S.  crude-oil  production,  from  1875  to  1929,  increased  at  a  rate  of  8.3 
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World  production  of  thermal  energy  front)  coal  and  lignite  plus  crude  oil. 
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United  States  production  of  coal  and  lignite. 
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Production  of  crude  oil  ir*  the  United  States,  exclusive  of  Alaska. 
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Production  of  marketed  natural  gas  in  the  United  States,  exclusive  of  Alaska. 
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percent  per  year  with  a  doubling  period  of  8.4  years.  Since  1929,  the  curve 
has  gradually  leveled  off  as  the  rate  of  production  approaches  its  maximum. 
In  parallel  with  crude  oil,  the  U.S.  production  of  marketed  natural  gas,  from 
1905  to  the  present,  has  increased  at  an  almost  constant  exponential  rate  of 
6.6  percent  per  year  with  a  doubling  period  of  10.5  years. 

Finally.  U.S.  production  of  total  energy  from  coal,  oil.  natural  gas,  and 
water  power,  divides  into  two  distinct  growth  periods.  From  before  1850  to 
1907.  energy  was  produced  at  a  growth  rate  of  6.9  percent  per  year  with  a 
doubling  period  of  10.0  years.  Then,  from  1907  to  the  present,  the  growth 
rate  dropped  to  1.77  percent  per  year  with  a  doubling  period  of  39  years. 

Future  Outlook  for  the  Production 
of  the  Fossil  Fuels 

When  consideration  is  given  to  the  factual  data  pertaining  to  both  the  world 
and  the  U.S.  rates  of  production  of  coal  and  oil,  as  shown  in  the  preceding 
figures,  two  results  of  outstanding  significance  become  obvious.  The  first  of 
these  is  the  extreme  brevity  of  the  time  during  which  most  of  these  develop- 
ments have  occurred.  For  example,  although  coal  has  been  mined  for  about 
800  years,  one-half  of  the  coal  produced  during  that  period  has  been  mined 
during  the  last  31  years.  Half  of  the  world's  cumulative  production  of 
petroleum  has  occurred  during  the  12-year  period  since  1956.  Similarly, 
for  the  United  States,  half  of  the  cumulative  coal  production  has  occurred 
during  the  38-year  period  since  1930,  and  half  of  the  oil  production  during 
the  16-year  period  since  1952.  In  brief,  most  of  the  world's  consumption 
of  energy  from  the  fossil  fuels  during  its  entire  history  has  occurred  during 
the  last  25  years. 

The  second  obvious  conclusion  from  these  data  is  that  the  steady  rates  of 
growth  sustained  during  a  period  of  several  decades  in  each  instance  cannot 
be  maintained  for  much  longer  periods  of  time.  The  reason  for  this  is  that  a 
steady  exponential  rate  of  growth  implies  a  doubling  of  the  production  rate 
at  equal  intervals  of  time.  This  also  involves  the  doubling  of  the  cumulative 
production  during  the  same  time  interval.  Take,  for  example,  the  production 
of  crude  oil  in  the  United  States  prior  to  1930.  During  this  period,  the 
cumulative  production  was  doubling  every  8.4  years,  and  by  1930  it  had 
reached  12.3  billion  barrels.  Were  this  rate  of  growth  to  be  maintained  for 
another  century,  about  12  more  doublings  would  occur  and  the  cumulative 
production  would  reach  48,000  billion  barrels,  which  is  about  74  times  the 
highest  estimates  on  record  of  the  possible  amount  of  oil  that  may  ever  be 
produced  in  the  United  States.  Similar  results  are  obtained  for  each  of  the 
other  fuels  shown  in  the  preceding  figures. 

From  such  considerations  we  are  led  to  the  conclusion  that  the  time  span 
for  the  exhaustion  of  the  bulk  of  the  various  fossil  fuels,  under  modem 


665 


industrial  rates  of  consumption,  is  measurable  in  centuries,  whereas  the  time 
required  for  the  formation  of  these  fuels  by  geological  processes  was  about 
600  million  years.  Hence,  the  rates  of  formation  of  these  deposits  are  negli- 
gible as  compared  with  their  rates  of  consumption.  Consequently,  during  the 
period  of  human  exploitation,  the  resources  of  the  fossil  fuels  may  be 
considered  to  consist  of  fixed  initial  supplies  w  hich  are  continually  diminished 
by  human  consumption.  The  quantity  remaining  in  the  ground  at  any  given 
time  must  be  equal  to  the  difference  between  this  initial  supply  and  the 
cumulative  production  up  to  that  time.  Therefore,  the  complete  history  of 
the  production  of  any  fossil  fuel  must  display  the  following  characteristics. 
The  curve  of  the  rate  of  production,  plotted  against  time  on  an  arithmetic 
scale,  must  begin  at  zero,  rise  until  it  passes  over  one  or  more  maxima,  and 
finally  decline  gradually  to  zero. 
If  ^  be  a  quantity  of  a  given  fuel,  and  /  the  time,  then 

P  =  dQjdt  (1) 

will  be  the  production  rate,  where  </ signifies  the  amount  of  change.  Then, 
if  the  production  rate  P  be  plotted  on  an  arithmetic  scale  as  a  function  of 
time,  as  we  have  done  in  Figures  8.1  to  8.6,  the  element  of  area  under  the 
curve  with  a  base  of  dt  and  an  altitude  P,  will  be 

dA  =  Pdi  =  (dQIdt)  dt  =  dQ.  (2) 

Hence,  on  such  a  graph,  the  cumulative  production  Q  up  to  any  given  time 
/  will  be  proportional  to  the  area  between  the  curve  of  production  rate  and 
the  time-axis  from  the  beginning  of  production  until  the  time  /. 

For  the  entire  cycle  of  production,  where  the  production  rate  begins  at 
zero,  and  eventually  returns  to  zero,  the  total  area  under  the  curve  is  a 
measure  of  the  ultimate  amount,  Q^,  of  the  given  fuel  produced  during  the 
cycle,  as  is  illustrated  in  Figure  8.8.  This  fact  provides  a  powerful  means  of 
keeping  within  reasonable  limits  in  our  estimations  of  the  future  course  of 
the  production  of  a  given  fuel.  If  an  estimate  can  be  made  from  geological 
data  of  the  amount  Qi  of  the  given  resource  which  was  initially  present  in 
the  geographical  area  considered,  then  any  extrapolation  of  the  production 
curve  for  that  area  must  be  such  that  the  ultimate  area  under  the  curve 
satisfies  the  condition 

Qoo^  Qi-  (3) 

Mathematically,  such  a  curve  may  assume  an  indefinite  number  of  shapes, 
but  the  technotogy  of  production  essentially  requires  that  the  early  phase  be 
one  of  a  positive  exponential  rate  of  increase,  and  the  declining  phase  an 
exponential  rate  of  decrease,  so  between  these  two  requirements,  and  that  of 
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Full  cycle  of  production  of  an  exhaustible  resource.  (By  permission  of 
the  American  Petroleum  Institute,  from  Drilling  and  Production  Practice, 
1956,  Figure  11,  p.  12.) 

the  limitation  of  the  area  circumscribed,  the  amount  of  latitude  in  such  a 
curve  is  greatly  reduced. 


THE  PETROLEUM  GROUP  OF  FOSSIL  FUELS 


Let  us  first  consider  the  petroleum  group  of  fossil  fuels.  We  have  already 
seen  that  in  just  over  a  century  this  group  of  fuels. has  risen  to  dominance  as 
the  nation's  and  the  world's  leading  source  of  industrial  energy.  Because  o^ 
this  fact,  major  policy  questions  resulting  from  scarcity  of  resources  are 
likely  to  arise  sooner  for  petroleum  than  for  coal. 

For  statistical  purposes,  the  petroleum  group  of  fossil  fuels  is  divided  into 
gaseous,  liquid,  and  solid  components.  The  principal  gaseous  component  is 
methane  of  chemical  composition  CH4,  which  is  the  natural  gas  of  commerce. 
The  principal  liquid  component  is  crude  oil,  which  is  the  stock-tank  oil 
obtained  by  flow  from  the  underground  reservoir  rocks  by  means  of  oil 
wells.  It  ranges  all  of  the  way  from  natural  gasolines  to  very  heavy  and 
viscous  oils  which  flow  only  with  diflficulty.  The  principal  solid  or  pseudo- 
solid  components  are  tars,  found  in  tar  sands,  and  the  solid  hydrocarbon, 
kerogen,  found  in  oil  shales.  Actually,  so-called  tars  are  not  solids,  but 
viscous  liquids  whose  principal  distinction  from  crude  oil  is  that  they  cannot 
be  extracted  from  the  ground  by  means  of  wells.  Kerogen,  on  the  other  hand, 
is  a  true  solid. 

A  product  intermediate  between  natural  gas  and  crude  oil  is  natural-gas 
liquid  (NGL).  Natural-gas  liquids,  originally  known  collectively  as  "casing- 
head  gasoline,"  constitute  a  family  of  hydrocarbons  extracted  as  liquids 
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during  the  production  of  natural  gas.  In  addition  to  its  principal  component 
mclhane.  natural  gas  also  trcqucnlly  contains  diminishing  fractions  of 
heavier  hydrocarbons  of  the  series  of  compositions  C„H,„^2-  l'^*^  '""st  live 
members  of  which  are  methane,  ethane,  propane,  butane,  and  pentane. 
for  which  /;  has  the  values  1  to  5.  respectively.  Natural-gas  liquids  consist  of 
mixtures  of  propane  and  heavier  components.  A  subclass  of  natural-gas 
liquids  is  liquitied  petroleum  gases  (LPG),  consisting  principally  of  mixtures 
of  propane  and  butane,  which  are  gaseous  at  atmospheric  pressure  but  liquid 
at  slightly  higher  pressures.  These  are  familiar  as  "bottled  gas"  used  for 
cooking  and  heating. 

Until  recent  decades,  only  small  amounts  of  natural-gas  liquids  were 
produced  in  the  United  States,  and  prior  to  1945  the  statistics  of  this  produc- 
tion were  lumped  with  those  for  crude  oil.  Since  1945.  the  annual  production 
of  natural-gas  liquids  and  of  crude  oil  have  been  reported  separately.  In  the 
meantime,  the  production  rate  of  natural-gas  liquids  has  increased  pro- 
gressively until  by  the  end  of  1967  it  amounted  to  17.5  percent  of  the  United 
States  production  of  total  liquid  hydrocarbons. 

As  yet.  only  minor  production  of  solid  hydrocarbons  has  been  achieved. 
Experimental  work  on  the  oil  shales  of  Colorado  has  been  under  way  for 
about  two  decades,  but  large-scale  production  has  not  yet  begun.  The 
mining  of  veins  of  the  solid  hydrocarbon,  gilsonite,  in  the  Uinta  Basin  of 
Utah  has  been  in  operation  for  more  than  a  decade,  but  the  reserves  are  not 
large.  However,  successful  large-scale  exploitation  of  the  large  Athabasca 
tar  sands  of  northeastern  Alberta.  Canada,  was  begun  in  late  1967  by  Great 
Canadian  Oil  Sands  Limited,  with  a  plant  having  a  design  capacity  of  45,000 
barrels  of  oil  per  day;  other  companies  are  only  awaiting  approval  by  the 
Canadian  government  to  install  additional  productive  capacity. 

The  production  history  of  crude  oil  for  the  world  has  already  been  given 
in  Figure  8.2.  and  of  crude  oil  and  natural  gas  for  the  United  States  in  Figures 
8.5  and  8.6.  Were  it  possible  to  make  reasonably  accurate  estimates  from 
geological  data  of  the  amounts  of  oil  and  gas  initially  present  underground, 
then,  by  use  of  the  technique  described  heretofore  and  illustrated  in  Figure 
8.8.  reasonably  good  approximations  of  the  future  of  the  respective  produc- 
tion curves  could  be  made. 

Unfortunately,  because  of  the  erratic  manner  in  which  accumulations  of 
oil  and  gas  occur  underground,  the  problem  of  estimating  the  quantities  of 
these  fluids  still  undiscovered  by  drilling  in  any  given  region  is  difficult.  For 
a  preliminary  appraisal  of  the  petroleum-producing  potentialities  of  a  given 
region,  the  only  available  procedure  is  geological.  Most  of  the  geologists  in 
the  world  are  engaged  in  exploration  for  petroleum;  and  the  knowledge  of 
the  geology  of  petroleum,  and  of  the  sedimentary  basins  of  the  world,  that 
has  been  accumulated  during  the  last  half  century  is  extensive. 

In  essence,  the  geological  procedure  is  the  following.  It  is  generally  agreed 
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that  petroleum  is  derived  from  plant  and  animal  debris  that  was  buried  in 
sediments  under  conditions  of  incomplete  decay  during  the  geologic  past. 
Consequently  petroleum  is  now  found  only  in  or  immediately  adjacent  to 
basins  filled  with  sedimentary  rocks.  The  geographical  location  and  extent 
of  the  sedimentary  basins  in  the  land  areas  of  the  world  are  now  reasonably 
well  known.  Sedimentary  rocks  are  porous  with  an  average  porosity  (ratio  of 
pore  volume  to  total  volume)  of  about  15  to  20  percent.  The  pores  are 
normally  filled  with  water  except  where  the  water  has  been  displaced  by 
oil  or  gas.  Oil  and  gas,  being  fluids,  are  driven  by  physical  forces  in  this 
underground  rock-water  environment  into  limited  regions  of  space  where 
they  are  in  stable  equilibrium.  These  equilibrium  positions  are  to  some 
degree  determinable  by  detailed  studies  of  the  subsurface  structure  of  the 
rocks,  and  the  associated  state  of  rest  or  of  motion  of  the  water,  by  geological 
and  geophysical  procedures.  Oil  or  gas  wells  are  then  drilled  in  what  apjjears 
to  be  the  most  favorable  locations  for  oil  or  gas  entrapment. 

Unfortunately,  there  is  nothing  in  this  procedure  that  permits  better  than 
a  crude  estimate  of  the  quantity  of  oil  or  gas  that  a  given  basin  may  produce. 
The  geological  appraisal  of  the  petroleum-producing  potentialities  of  a  new 
territory  is  carried  out  largely  by  analogy  with  known  territories.  For 
example,  the  geology  of  the  coastal  region  of  Nigeria  was  found  to  be  similar 
to  that  of  the  coastal  region  of  Texas  and  Louisiana.  By  analogy,  it  was 
assumed  that  the  Nigerian  sediments  would  probably  contain  a  quantity  of 
oil  per  unit  of  volume  comparable  to  that  which  had  already  been  discovered 
in  the  Texas-Louisiana  gulf  coastal  region.  Subsequent  drilling  in  Nigeria  has 
confirmed  this  assumption. 

U.S.  Crude-Oil  Resources 

Since  the  petroleum  industry  in  the  United  States  is  the  most  advanced  of 
that  of  any  major  region  in  the  world,  the  United  States  experience  is 
commonly  used  as  one  of  the  principal  yardsticks  in  appraisals  of  the 
petroleum-producing  potentialities  of  the  rest  of  the  world.  The  difficulty  in 
this  procedure,  however,  lies  in  the  question  of  how  good  is  the  yardstick? 
How  accurately  are  the  undiscovered  resources  of  oil  and  gas  in  the  United 
States  known?  In  this  regard,  it  may  be  mentioned  that  estimates  published 
within  the  last  12  years  of  the  ultimate  production  of  crude  oil  in  the  United 
States,  exclusive  of  Alaska,  have  a  fourfold  range  from  about  145  to  590 
billion  barrels.  Corresponding  estimates  for  natural  gas  have  a  threefold 
range  from  850  to  2,650  trillion  cubic  feet. 

Estimates  of  the  ultimate  amount  of  crude  oil  which  the  world  will  produce 
have  tended  to  be  roughly  proportional  to  the  estimates  made  by  the  same 
authors  for  the  United  States. 

In  view  of  these  circumstances,  it  is  clear  that  the  problem  of  estimating 
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petroleum  resources  of  the  world  is  closely  linked  with  the  primary  problem 
of  estimating  those  of  the  United  States.  For  the  latter,  geological  analogy  is 
no  longer  appropriate.  We  are  left  with  the  problem  of  a  direct  estimation, 
and  this  can  only  be  based  on  the  cumulative  experience  which  is  condensed 
into  the  statistics  of  exploration,  drilling,  discovery,  and  production  of  the 
petroleum  industry  in  the  United  States.  A  problem  of  comparable  or  even 
greater  importance  is  that  of  estimating  the  degree  of  advancement  that  the 
U.S.  petroleum  industry  has  reached  in  its  evolutionary  cycle.  For  these 
purposes  two  procedures  have  been  evolved  which  yield  reasonably  un- 
ambiguous results  (Hubbert,  1962,  p.  50-65;  1967). 

The  first  of  these  concerns  the  relationship  between  cumulative  production, 
Qj,.  cumulative  proved  discoveries.  Q^,  and  proved  reserves,  Q^.  Statistics 
on  annual  production  of  crude  oil  in  the  United  States  are  available  since 
1860,  and,  from  these,  cumulative  production  up  to  any  given  year  can  be 
computed.  Estimates  of  proved  reserves  of  crude  oil  at  the  end  of  each  year 
have  been  made  annually  by  the  reserves  committee  of  the  American 
Petroleum  Institute  (API)  since  1937,  and  the  series  of  proved  reserves, 
based  on  older  estimates,  has  been  extended  by  the  API  statistical  staff  back 
to  1900.  Cumulative  proved  discoveries  up  to  any  given  time  may  be  defined 
to  be  the  sum  of  all  of  the  oil  produced  up  to  that  time  plus  the  proved 
reserves.  Hence,  if  we  know  the  cumulative  production  and  the  proved 
reserves  for  any  given  time,  the  cumulative  discoveries  may  be  given  by  the 
equation 

Qa  =   Qp  +   Qr.  (4) 

The  corresponding  rates  of  discovery  are  given  by 

dQJdt  =  dQJdt  +  dQJdt,  (5) 

in  which  the  three  terms  represent  the  rates  of  discovery,  of  production,  and 
of  the  increase  of  proved  reserves,  respectively. 

From  the  principles  previously  set  forth,  we  already  know  the  general 
properties  of  each  of  the  quantities  in  equations  (4)  and  (5),  when  plotted 
graphically  as  a  function  of  time.  The  production  rate  dQj,jdt  must  begin  at 
zero,  increase  to  one  or  more  maxima,  and  ultimately  return  to  zero.  The 
integral  of  this  curve,  the  cumulative  production  Qp,  must  begin  at  zero  and 
then  increase  at  an  exponential  rate  as  long  as  the  production  rate  so 
increases.  Then,  when  the  production  rate  reaches  its  maximum  value,  the 
curve  of  Qp  will  have  its  maximum  slope.  Finally,  as  the  production  rate 
declines,  the  (>p-curve  will  gradually  approach  an  ultimate  quantity  Q^., 
which  represents  the  ultimate  amount  of  oil  produced  during  the  entire 
cycle.  The  cumulative  curve  will  accordingly  exhibit  the  familiar  S-shape 
common  to  growth  phenomena.  It  can  only  increase  with  time,  and  it  is 
asymptotic  to  zero  at  the  beginning  and  to  Q^  at  the  end. 
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The  curve  of  proved  reserves  plotted  against  time  has  a  difTcrcnt  shape. 
At  the  beginning  of  production  proved  reserves  are  zero,  and  again  at  the  end. 
The  proved-reserves  curve  over  the  entire  cycle  must  accordingly  begin  at 
zero,  increase  to  a  maximum,  and  then  decline  to  zero. 

From  equation  (4)  it  follows  that  the  cumulative-discovery  curve  must 
resemble  that  for  cumulative  production  except  that  discoveries  must 
precede  production  by  some  time  interval.  A/.  At  the  end  of  the  cycle,  when 
Q^  =  0,  the  value  of  Q^  must  be  the  same  as  Q,,.  Hence  both  the  Qj-  and  the 
^^-curves  must  approach  the  same  ultimate  value  Q ,. 

Strictly,  the  foregoing  relations  apply  for  a  single-cycle  growth  curve.  For 
oil  production  in  a  small  area  —  the  State  of  Illinois  for  example  there  may 
be  multiple  cycles  of  production.  For  the  whole  United  States,  small  local 
variations  superpose  and  cancel  one  another  out.  Accordingly,  all  present 
evidence  indicates  that  in  this  case  wc  arc  dealing  with  but  a  single  major 
cycle  of  discovery  and  production. 

The  general  formsof  the  three  curves  of  ^j,  Q^,  and  Q^.  for  a  single  growth 
cycle,  are  those  shown  in  Figure  8.9.  Corresponding  curves  of  the  rate  of 
discovery,  of  production,  and  of  increase  of  proved  reserves,  are  shown  in 
Figure  8.10.  On  these  curves,  one  point  is  worthy  of  note.  When  the  proved- 
reserves  curve  in  Figure  8.9  reaches  its  maximum  value,  its  slope,  dQJdt, 
which  is  the  rate  of  increase  of  proved  reserves,  becomes  zero.  Then  at  this 
time  equation  (5)  becomes 

dQJdt  =  dQJdt.  (6) 
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FIGURE  8.9 

Generalized  form  of  curves  of  cumulative  discoveries,  cumulative  pro- 
duction, and  proved  reserves  for  a  petroleum  component  during  a  full 
cycle  of  production,  tit  indicates  the  time  lapse  between  discovery  and 
production.  (From  Hubbert,  1962.  Figure  22,  p.  55.) 
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FIGURE  8.10 

Relations  between  rate  of  production  (dQJdt),  rate  of  proved  discovery 
(dQjdt)  and  rate  of  increase  of  proved  reserves  (dQjdt)  during  a  full 
cycle  of  petroleum  production  (From  Hubbert,  1962,  Figure  24,  p.  56.) 

This  indicates  that  at  the  peak  of  proved  reserves  the  curves  of  the  rate  of 
production  and  the  rate  of  discovery  cross  one  another,  with  the  production 
rate  still  rising  but  the  discovery  rate  already  on  its  decline.  The  time  at 
which  this  occurs  is  roughly  halfway  between  the  peaks  in  the  discovery  rate 
and  the  production  rate.  The  study  of  the  actual  data  of  the  U.S.  petroleum 
industry  in  the  light  of  these  relationships  can  be  very  informative. 

The  data  of  U.S.  cumulative  discoveries,  cumulative  production,  and 
proved  reserves  of  crude  oil,  exclusive  of  Alaska,  are  shown  graphically 
in  Figure  8.11.  The  discontinuity  at  1 945  is  caused  by  the  separation,  starting 
at  that  time,  of  natural-gas  liquids  data  from  crude  oil  data.  The  time  delay, 
Ar,  between  cumulative  discovery  and  cumulative  production  is  shown  in 
Figure  8.12.  This  is  obtained  by  tracing  the  Q^-curve  and  sliding  it  parallel 
to  the  time  axis  until  it  most  nearly  matches  the  ^p-curve.  For  the  last 
decade,  as  seen  in  the  figure,  this  time-delay.  A/,  has  been  about  12  years. 
Earlier,  it  would  have  been  somewhat  less,  about  10-11  years.  What  is  most 
significant  is  that  for  the  last  40  years  the  curve  of  cumulative  production 
has  faithfully  followed  that  of  cumulative  discoveries  with  a  time  delay 
rarely  outside  the  range  of  10-12  years.  In  consequence  of  this  relationship, 
the  ^o -curve  acts  as  about  a  12-year  preview  of  the  behavior  of  the  ^^-curve 
In  other  words,  the  state  of  crude-oil  production  12  years  from  now  will 
probably  not  differ  greatly  from  the  state  of  discovery  at  present. 

The  proved-resources  curve  in  Figure  8.11  is  plotted  on  too  small  a 
scale  to  show  all  of  its  significant  detail.  It  is  accordingly  replotted  on  a 
magnified  scale  in  Figure  8.13.  From  this  it  may  be  seen  that  a  smooth  curve 
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FIGURE  8.11 

Data  for  the  United  States,  exclusive  of  Alaska,  on  cumulative  produc- 
tion (Q  ),  cumulative  proved  discoveries  (Q^),  and  proved  reserves  (Q,) 
of  crude  oil. 

approximating  the  actual  curve  would  have  its  maximum  value  at  about 
1961.  This  becomes  even  more  clear  in  Figure  8.14,  representing  the  rate  of 
increase  of  proved  reserves.  The  dashed-line  curve  represents  the  computed 
value  of  dQJdt  from  an  analytical  curve  approximating  the  actual  proved- 
resources  curve.  The  solid-line  zig-zag  curve  represents  the  actual  year-to- 
year  data  of  increase  of  proved  reserves.  From  the  genera!  form  of  the 
proved-resources  curve,  its  slope,  or  rate  of  increase,  must  have  a  positive 
loop  while  reserves  are  increasing,  and  a  negative  loop  while  decreasing,  and 
the  curve  must  cross  the  zero  line  from  the  positive  to  the  negative  loop  at 
the  time  when  reserves  reach  their  maximum  value.  From  Figure  8.14  it  can 
be  seen  that  this  cross-over  also  occurred  about  1961 .  As  evidence  that  this  is 
not  merely  a  temporary  aberration,  it  may  be  noted  that  the  rate-of-increase 
curve  reached  the  maximum  of  its  positive  loop  about  1942  and  the  actual 
year-to-year  data,  with  only  minor  osciTlations,  have  declined  steadily  since 
1951. 

Data  of  the  rates  of  discovery  and  of  production  of  crude  oil  in  the  United 
States  are  shown  in  Figure  8. 1 5.  As  in  the  case  of  Figure  8.14,  the  dashed-line 
curves  arc  analytical  derivatives  of  smooth  curves  fitting  the  cumulative 
discovery  and  cumulative  production  curves  of  Figure  8.11.  The  solid  line 
zig-zag  curves  are  the  actual  yearly  data.  The  maximum  rate  of  discovery. 
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according  to  ihc  analytical  curve,  would  have  been  about  1957.  In  the 
ligure.  a  time-delay.  A/,  of  10.5  years  is  shown  between  discovery  and  pro- 
duction. Howe\er.  during  the  last  decade  the  delay  averaged  about  12  years. 
Accordingly,  the  peak  in  the  rale  of  production,  which  should  lag  behind  that 
of  discovery  by  about  the  same  time  interval,  should  be  expected  to  occur 
about  1%9  plus  or  minus  a  year  or  two. 

Strictly  speaking,  this  peak  in  the  rate  of  production  refers  to  the  smooth 
analytical  curve  rather  than  to  that  of  the  actual  year-to-year  production 
oscillations.  Since  the  actual  production  rate  is  somewhat  less  than  the 
productive  capacity  of  the  country,  it  is  possible  that  an  all-lime  peak  in  the 
oil  produced  during  a  single  year  might  occur  during  any  given  year  within  a 
time  inter\al  of  five  years  or  more.  The  data  of  Figures  8.11  to  8.15  are 
consistent  in  indicating  that  the  U.S.  petroleum  industry,  exclusive  of 
Alaska,  is  now  (1969)  in  the  region  of  its  all-time  maximum-  rate  of  pro- 
duction, but  it  will  probably  not  be  possible  to  assign  an  accurate  date  to  this 
event  until  about  five  years  after  it  has  happened. 

Another  result  obtainable  from  the  data  in  Figures  8.11  to  8.15  is  an 
estimate  ofthe  magnitude  of  Cjp,  the  ultimateamount  of  oil  to  be  produced. 
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Time  delay.  St.  between  United  States  cumulative  proved  discoveries 
(Q^)  and  cumulative  production  (Q^)  of  crude  oil.  The  dashed  line  Q'^ 
reflects  the  form  of  the  curve  Q^  when  it  is  slid  to  the  right,  parallel  to 
the  time  axis,  until  it  most  nearly  matches  the  curve  Q  . 
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FIGURE  8.13 

Proved  reserves  of  crude  oil  in  the  United  States,  exclusive  of  Alaska 


If  we  assume  that  peak  rates  in  discovery  and  in  production  occur  at  about 
the  halfway  points  of  cumulative  discoveries  and  production,  then  each  of 
these  curves  will  give  an  estimate  for  the  value  of  Q^.  At  the  beginning  of 
1957,  the  approximate  date  of  the  peak  in  the  proved-discovery  rate,  cumu- 
lative discoveries  amounted  to  85.3  billion  barrels.  Twice  this  would  give  a 
figure  of  170.6  billion  barrels  as  an  estimate  for  Q^.  During  the  last  decade, 
the  time  delay  At  of  production  with  respect  to  discovery  has  averaged  about 
12  years.  If  we  take  the  beginning  of  1969  (12  years  after  the  j)eak  in  the 
discovery  rate)  as  the  approximate  date  of  the  peak  in  the  production  rate, 
the  cumulative  production  will  be  about  86.5  billion  barrels.  Twice  this 
amount  would  give  a  value  of  173.0  billion  barrels  for  Q^. 

It  is  to  be  emphasized  that  these  figures  are  only  approximate,  since  in 
either  case  it  is  possible  that  the  peak  rates  of  discovery  or  of  production 
could  occur  somewhat  earlier  or  somewhat  later  than  the  halfway  points. 

While  the  foregoing  procedures  are  especially  well  suited  for  the  deter- 
mination of  such  critical  dates  as  the  peaks  in  the  rates  of  discovery  and 
production,  and  of  that  of  proved  reserves,  they  are  somewhat  less  reliable  as 
a  means  of  estimating  the  ultimate  amount  of  oil  Q^  that  will  be  produced. 
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For  the  latter  purpose,  a  much  better  procedure  has  been  developed;  it  was 
suggested  by  the  studies  of  A.  D  Zapp  (now  deceased)  of  the  United  Stales 
Geological  Survey  (Zapp.  1962,  pp.  H-22  H-33).  The  procedure  is  to  express 
the  rate  of  discovery  in  terms  of  barrels  of  oil  discovered  per  foot  of  ex- 
ploratory drilling,  and  then  determine  how  this  rale  varies  as  a  function  of 
the  cumulative  footage  of  exploratory  drilling.  In  this  system  of  coordinates, 
if  ^  is  the  quantity  of  oil  discovered,  and  //  the  cumulative  footage  drilled, 
then  the  rate  of  discovery  dQUIh  would  be  plotted  as  the  vertical  coordinate 
in  bbls  ft  against  cumulative  footage,  /;,  as  the  horizontal  coordinate. 

This  system  is  malhematically  analogous  to  that  which  we  have  used 
heretofore  where  the  time-discovery  rate  dQU/t  has  been  plotted  against 
cumulative  time  /.  In  both  systems  of  coordinates,  the  area  under  the  curve 
represents  cumulative  discoveries  up  to  the  cumulative  depth  //,  or  the 
cumulative  time  /.  respectively.  The  former  has  several  advantages  over  the 
latter,  however.  In  the  first  place,  the  rale  of  discovery  per  foot  depends 
principally  on  technological  factors  and  is  relatively  insensitive  to  economic 
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FIGURE  8.14 

Rate  of  increase  of  proved  reserves  of  crude  oil  in  the  United  States,  exclusive  of 
Alaska  Solid  line  shows  actual  year-to-year  increase  in  proved  reserves,  dashed  line 
the  computed  rate  of  increase  dQJdt. 
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FIGURE  8.15 

Rates  of  proved  discovery  (dQJdt).  production  {dQJdt).  and  increase 
{dQJdt)  of  reserves  of  crude  oil  in  the  United  States,  exclusive  of  Alaska. 
Dashed  line  curves  are  analytical  derivatives,  solid  lines  are  actual  yearly  data. 


conditions.  The  rate  of  discovery  per  year,  on  the  contrary,  can  swing  widely 
from  one  year  to  the  next  in  response  to  economic  and  political  conditions. 
In  the  second  place,  a  practical  limit  can  be  set  to  the  ultimate  amount  of 
cumulative  exploratory  drilling  in  a  given  area,  whereas  no  such  limit  can 
be  assigned  to  cumulative  time. 

Although  Zapp  did  not  develop  this  method,  its  main  features  were 
implied  in  his  important  paper,  "Future  Petroleum  Producing  Capacity  of 
the  United  States"  (Zapp,  1962),  whose  principal  results  can  only  be  presented 
graphically  in  this  system  of  coordinates.  This  method  thus  permits  not  only 
a  graphical  presentation  of  the  Zapp  estimates,  and  of  others  based  on  the 
same  premises,  but  it  also  permits  an  easy  verification  of  those  premises  by 
means  of  petroleum-industry  statistical  data.  And,  more  important,  it 
permits  a  direct  evaluation  of  the  discovery  history  of  the  U.S.  petroleum 
industry  up  to  the  present,  and  a  more  reliable  appraisal  of  its  future  than 
has  been  obtainable  previously. 

Therefore,  instead  of  reviewing  initially  the  estimates  of  the  ultimate 
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amounts  of  crude  oil  which  the  United  States  may  produce  (estimates  that 
have  been  made  by  Zapp  and  others)  and  the  premises  on  which  they  have 
been  based,  it  will  be  more  economical  for  us  to  proceed  directly  with  our 
own  analysis  of  the  data.  What  we  seek  is  the  curve  of  oil  discovered  per 
foot  of  exploratory  drilling  as  a  function  of  cumulative  footage  from  the 
beginning  of  the  industry  to  the  present.  Then,  on  the  basis  of  this  informa- 
tion—whether the  curve  is  still  rising,  remaining  stationary,  or  declining— 
we  can  make  some  prognostications  on  ultimate  crude-oil  production.  This 
study  has  in  fact  already  been  made  and  published  (Hubbert,  1967)  and  only 
its  principal  results  will  be  summarized  here. 

To  obtain  the  desired  result,  we  must  first  work  with  the  statistical  data 
published  by  years.  We  thus  require  estimates  of  the  oil  discovered  each 
year  and  of  the  footage  of  exploratory  drilling  each  year.  The  ratio  of  these 
quantities  then  gives  the  oil  discovered  per  foot  as  a  function  of  time.  By 
adding  cumulatively  the  drilling  footage,  as  a  function  of  time,  we  are  then 
able  to  determine  the  quantity  of  oil.  A^.  discovered  for  each  successive 
equal  increment.  A/;,  of  cumulative  footage,  and  this  ratio,  AQ/Ah,  versus  h 
will  be  a  finite  approximation  to  the  desired  curve. 

For  discoveries  assignable  to  a  given  year,  we  require  a  different  definition 
of  discoveries  from  that  of  proved  discoveries  used  heretofore.  For  this 
purpose,  we  adopt  a  procedure  initiated  by  the  Petroleum  Administration 
for  War  (PAW)  (Frey  and  Ide.  1946)  in  a  study  as  of  1945.  and  continued 
in  successive  similar  studies  by  the  National  Petroleum  Council  (NPC, 
1961.  1965)  and.  finally,  jointly  by  the  American  Gas  Association  (AGA). 
American  Petroleum  Institute  (API),  and  Canadian  Petroleum  Association 
(CPA)  (AGA.  API.  and  CPA.  1967).  in  which  all  of  the  oil  contained  in 
any  given  field  is  credited  to  the  year  of  discovery  of  the  field.  Studies  have 
been  made  on  this  basis  and  estimates  published  as  of  January  1  for  the 
years  1945.  1960.  1964.  and  1967. 

In  these  studies,  the  oil  credited  to  a  given  year,  as  of  a  later  date,  consists 
of  the  sum  of  the  cumulative  production  up  to  the  date  of  the  study  plus 
the  estimated  proved  reserves,  of  all  of  the  fields  discovered  in  the  given 
year.  However,  by  the  rules  of  the  API  reserves  committee,  proved  reserves 
at  any  given  time  are  not  intended  to  represent  all  of  the  oil  that  will  eventually 
be  produced  by  the  fields  already  discovered  at  that  time.  Rather,  they 
represent  a  working  inventory  of  oil  that  is  present  and  producible  by  wells 
and  equipment  already  in  operation.  Additional  reserves  are  added  as  the 
fields  are  developed. 

For  this  reason,  the  oil  discoveries  ascribed  to  any  given  year,  based  in 
part  on  the  API  reserves  estimates,  gradually  increase  with  time.  This 
effect  was  studied  (Hubbert,  1967),  and  on  the  basis  of  the  successive 
published  estimates,  the  ultimate  amount  of  oil  that  the  fields  discovered 
each  year  since  1860  would  produce  was  estimated.  This  involved  negligible 
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additions  over  Ihc  recent  NPC  estimates  for  fields  discovered  more  than  50 
years  ago,  but  required  progressively  larger  additions  (up  to  5.8-fold) 
as  the  year  of  discovery  approached  the  present. 

In  this  manner,  the  cumulative  proved  discoveries,  computed  on  the 
basis  of  the  NPC  studies  and  brought  up  to  I  January  1967.  amounted  to 
1 1 1.7  X  10"  bbls  for  the  United  States  exclusive  of  Alaska.  The  estimated 
ultimate  production  of  the  fields  already  discovered  amounted  to  136.2  x 
lO**  bbls,  an  increase  of  24.5  x   lO''  bbls. 

For  the  feet  of  exploratory  drilling  per  year,  and  cumulative  exploratory 
footage,  drilling  statistics  are  available  intermittently  from  1927  to  1944 
and  annually  since  1945.  For  the  earlier  periods,  statistics  exist  on  the  total 
number  of  wells  drilled  per  year,  classified  as  oil  wells,  gas  wells,  and  dry 
holes.  During  the  period  since  exploratory  well  statistics  have  become 
available,  the  number  of  exploratory  wells  drilled  has  averaged  about  0.67 
of  the  total  number  of  dry  holes.  Assuming  that  about  the  same  ratio 
prevailed  during  earlier  drilling,  the  approximate  number  of  exploratory 
wells  could  be  estimated  from  the  dry-hole  data.  Then,  to  obtain  the  footage 
per  year,  the  number  of  exploratory  wells  was  multiplied  by  the  estimated 
average  depth.  The  latter  is  known  approximately  from  the  known  depths 
of  the  fields  discovered  at  successive  times. 

The  net  result  of  this  study  was  that  by  I  January  1967,  the  estimated 
cumulative  footage  of  exploratory  drilling  amounted  to  15.2  x  10^  feet. 
This  divides  conveniently  into  15  units  of  10*  feel  for  each  of  which  the 
oil  discovered,  A^,  can  be  evaluated  from  previous  discovery  data,  and 
the  average  discoveries  per  foot,  AQ/A/h  determined. 

The  results  are  shown  in  Figure  8.16.  During  the  first  10*-ft  interval  of 
drilling,  which  extended  from  1859  to  1920,  the  average  oil  discovery  rate 
was  194  bbls/ft.  During  the  second  interval,  from  1920  to  1928,  the  rate 
dropped  to  167  bbls  ft.  Then,  during  the  third  interval,  extending  from  1928 
to  1937  and  including  the  discovery  of  the  East  Texas  oil  field,  the  discovery 
rate  reached  an  all-time  peak  of  276  bbls/ft.  Following  this,  the  rate  has 
fallen  precipitately  to  a  present  level  of  about  35  bbls  ft. 

This  decline  during  the  30-year  period  since  1937  is  particularly  significant 
in  view  of  the  fact  that  the  oil  credited  with  having  been  discovered  during 
this  period  represents  the  cumulative  results  of  all  of  the  advances  in  the 
techniques  of  exploration  and  production  of  the  petroleum  industry  during 
its  entire  history  up  to  1967.  This  also  was  the  period  of  the  most  intensive 
research  and  development  in  exploratory  and  production  techniques  in  the 
history  of  the  industry.  The  observed  decline  in  the  rate  of  discovery  during 
this  period  is,  accordingly,  difficult  to  account  for  on  any  other  basis  than 
that  undiscovered  oil  is  becoming  scarce. 

The  tops  of  the  columns  in  Figure  8.16  represent  approximately  the  curve 
of  dQjdh  versus  h,  and  the  area  under  this  curve  represents  cumulative 
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FIGURE  8.16 

Crude-Oil  discoveries  per  foot  of  exploratory  drilling  versus  cumulative  exploratory 
footage  in  the  United  States,  exclusive  of  Alaska,  1860-1967.  (By  permission  from 
Bulletin  of  American  Association  of  Petroleum  Geologists,  1967,  vol.  51,  Figure  15, 
p.  2223.) 
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discoveries.  Future  discoveries  can  accordingly  be  estimated  by  extrap- 
olating the  decline  curve  of  Figure  8.16,  and  computing  the  additional  oil 
corresponding  to  the  added  area.  In  the  study  cited  (Hubbert,  1967),  this 
was  done  using  two  diflferent  negative-exponential  rates  of  decline,  the 
first  an  approximate  average  for  the  whole  period,  and  a  second  slower  rate 
from  194  bbls  ft  for  the  first  column  to  35  bbls/ft  for  the  last.  The  faster  rate 
of  decline  gave  153  x  10**  bbls  as  an  estimate  of  Q^,  and  the  slower  rate, 
164  X   lO''  bbls. 

It  will  be  noted,  however,  that  during  the  last  seven  10^-ft  units  of  drilling, 
the  discoveries  per  foot  have  remained  nearly  constant.  The  reason  for  this  is 
twofold.  The  time  required  for  these  last  seven  units  of  drilling  was  only  the 
12-year  period  from  1955  to  1967.  This  was  the  period  during  which  the 
rate  of  exploratory  drilling  decreased  sharply  from  an  all-time  peak  of 
16,207  wells  in  1956  to  10,275  (excluding  Alaska)  in  1966.  Since  the  highest- 
grade  prospects  are  customarily  drilled  in  preference  to  those  of  lower 
grade,  a  reduction  in  the  number  of  wells  drilled  in  a  given  year  tends  to 
increase  the  average  grade  of  the  prospects  drilled,  and  hence  to  improve 
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the  rale  of  discovery  per  fool.  The  second,  and  principal  reason  for  the 
slowdown  in  Ihc  decline  of  ihe  discovery  rale  per  foot,  however,  is  that  this 
was  also  the  period  during  which  most  of  the  large  discoveries  were  made, 
with  a  minimum  of  exploratory  drilling,  in  offshore  Louisiana. 

Because  these  two  effecls  are  both  intrinsically  temporary,  the  slowdown 
in  the  decline  rale  of  discoveries  per  foot  during  the  last  12  years  must  be 
regarded  as  only  a  temporary  episode  in  a  long-term  trend  of  decline. 
However,  even  in  the  improbable  event  that  the  discovery  rale  could  be  held 
constant  at  the  present  rate  of  35  bbls/ft  and  the  drilling  rate  also  maintained 
at  the  1967  level  of  49  x  10^  ft/yr,  until  the  year  2000.  the  new  oil  discoveries 
would  amount  to  but  57  billion  barrels.  When  this  is  added  to  the  136 
billion  barrels  already  discovered  by  the  beginning  of  1967,  the  total  by 
the  year  2000  would  still  amount  only  to  193  billion  barrels. 

Independent  confirmation  of  this  long-term  decline  in  the  rate  of  discovery 
with  cumulative  drilJing  is  afforded  by  the  statistics  published  annually  by 
the  Committee  on  Statistics  of  Drilling  of  the  American  Association  of 
Petroleum  Geologists.  Each  year  this  committee  reports  on  the  number  of 
new-field  wildcat  wells  that  were  required  6  years  previously  to  make  one 
profitable  discovery  of  either  oil  or  gas.  A  profitable  discovery  is  defined  as 
1  million  barrels  of  oil  or  an  equivalent  amount  of  oil  plus  gas.  In  1 945,  the 
first  year  of  the  series,  26  new-field  wildcat  wells  were  required  per  profitable 
discovery;  by  1961,  the  last  year  of  the  series,  this  number  had  increased  to 
70  wells  per  discovery.  (Dillon  and  Van  Dyke,  1967,  p.  994,  Fig.  9;  Van 
Dyke,  1968,  p.  918,  Fig.  9). 

Hence,  on  the  basis  of  the  results  shown  in  Figure  8.16,  the  highest  figure 
that  at  present  can  be  justified  for  Q^,  the  ultimate  amount  of  oil  to  be 
produced  by  the  conterminous  part  of  the  United  States  and  its  adjacent 
continental-shelf  areas,  is  about  165  x  lO*'  bbls.  Of  this,  the  amount  of  136 
X  19^  bbls,  or  83  percent,  is  accounted  for  by  fields  already  discovered, 
leaving  but  17  percent  for  fields  still  to  be  discovered. 

The  absolute  value  of  ^^,  for  these  same  fields,  could  be  increased  above 
the  figure  of  165  x  10^  bbls,  should  a  drastic  improvement  in  the  eflficiency 
of  recovery  from  the  oil  in  place  be  eflfected.  Even  in  this  case,  however,  the 
improvement  would  involve  the  fields  already  discovered  to  the  same  degree 
as  those  still  to  be  discovered  so  that  the  ratio  of  oil  already  discovered  to 
that  still  to  be  discovered  would  remain  essentially  unchanged. 

OflTsetting  any  expectancy  of  a  drastic  improvement  of  the  present 
recovery  efficiency  of  somewhere  near  40  percent  are  the  following  facts: 
(1)  Every  technique  of  improved  recovery  eflficiency  so  far  devised  by 
petroleum-industry  research  is  already  in  operation  to  about  its  economic 
limit.  (2)  More  expensive  procedures  could  be  justified  only  by  a  corre- 
sponding increase  in  the  price  of  oil.  The  latter,  however,  is  precluded  by  the 
fact  that  should  domestically-produced  oil  become  more  expensive,  the 
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public  has  access  to  alternate  sources  o(  less  expensive  liquid  fuels,  obtainable 
both  from  imports  and  from  oil  shales  and  coal. 

The  figure  of  165  x  10"*  bbls  is  accordingly  the  best  present  estimate  of 
the  value  of  Q ,  for  the  conterminous  United  States,  although  it  is  admitted 
that  a  somewhat  higher  figure  resulting  from  further  improvement  in 
recovery  efficiency  is  a  physical  possibility. 

Having  obtained  the  estimate  of  ^^  =  165  x  10**  barrels  for  the  crude-oil 
production  in  the  conterminous  United  States,  we  are  now  in  a  position  to 
plot  the  complete  cycle  of  production,  utilizing  the  principle  illustrated  in 
Figure  8.8.  This  is  shown  in  Figure  8.17  of  which  one  grid  square  has  the 
dimensions 

10"*  bbls/yr  x  20  yrs  =  20  x  10"  bbls. 

Hence,  if  the  figure  of  165  x  10**  barrels  is  approximately  correct  as  a  value 
for  Q^.  the  total  area  under  the  curve  can  contain  only  8^  of  the  grid  squares 
of  the  figure.  The  area  to  the  left  of  the  vertical  line  at  the  year  1934  represents 
a  cumulative  production  o(  16.5  x  lO**  barrels,  or  the  first  10  percent  of 
Q^ ;  the  area  to  the  right  of  the  vertical  curve  at  the  year  1999  represents  the 
last  10  percent.  The  area  under  the  curve  between  these  two  dates  represents 
the  middle  80  percent  of  ^^.  Hence,  thetime  that  will  be  required  to  produce 
and  consume  the  middle  80  percent  of  the  ultimate  amount  of  crude  oil  to 
be  produced  in  the  conterminous  United  States  is  only  about  65  years,  or 
less  than  a  single  lifetime. 
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FIGURE  8.17 

Complete  cycle  of  crude-oil  production  in  the  United  States  and  adjacent  continental 

shelves,  exclusive  of  Alaska. 
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The  dashcd-line  curve  in  Figure  8.17  shows  what  the  production  rate 
would  have  been  after  1955  had  the  rate  of  growth  that  prevailed  from  1935 
to  1955  continued. 

In  this  estimate,  Alaska  has  been  excluded  because  it  represents  a  large, 
almost  virgin  territory  which  has  not  yet  developed  far  enough  to  contribute 
to  the  statistics  on  which  the  foregoing  analysis  has  been  based.  Significant 
Alaskan  oil  production  was  begun  in  the  Kenai-Cook  Inlet  area  only  as 
recently  as  1958,  with  cumulative  proved  discoveries  by  1  January  1968, 
amounting  to  0.474  billion  barrels,  with  an  estimate  of  about  I  billion 
barrels  of  ultimate  production. 

Also,  a  very  large  oil  discovery  has  been  announced  (Oil  and  Gas  Journal. 
22  July  1968,  p.  34-35),  near  Prudhoe  Bay  on  the  Alaskan  North  Slope, 
which,  according  to  a  report  by  the  consulting  firm  of  DeGolyer  and 
McNaughton,  promises  to  be  in  the  5  to  10  billion-barrel  class.  This  would 
make  it  equal  to  or  larger  than  the  East  Texas  field  — the  largest  in  the  United 
States  thus  far— and  comparable  to  the  world's  largest  fields  in  the  Middle 
East. 

Aside  from  these  developments,  the  Alaskan  potentialities  for,  petroleum 
production  can  at  present  be  based  only  on  comparisons  by  means  of 
geological  analogy.  According  to  Hendricks  (1965,  p.  7)  the  total  potential 
oil-producing  area  of  the  United  States,  including  Alaska,  and  adjacent 
continental-shelf  areas,  is  just  over  2  million  square  miles;  and  for  the 
United  States  minus  Alaska,  1.86  million  square  miles.  This  would  give  for 
Alaska  a  potentially  productive  area  of  about  0.14  million  square  miles,  or 
an  area  equal  to  7.5  percent  of  that  of  the  rest  of  the  United  States.  If  we  use 
the  crudest  type  of  comparison  (which  could  easily  be  wrong  by  a  factor  of 
2  or  more),  we  may  assume  that  Alaska  will  produce  as  much  oil  per  square 
mile  of  potentially  productive  area  as  the  rest  of  the  United  States.  This 
would  give  for  Alaska  a  potential  production  of  about  12  billion  barrels. 

As  a  consequence  of  the  new  Prudhoe  Bay  discovery,  this  figure  appears  to 
be  too  low.  Even  so,  a  provisional  allowance  of  25  billion  barrels  for  the 
ultimate  crude-oil  production  of  Alaska  is  about  as  large  a  figure  as  can  be 
justified  from  present  evidence.  This  figure,  when  added  to  the  165  billion 
barrels  for  the  remainder  of  the  United  States,  gives  190  billion  barrels  as 
our  present  estimate  of  the  approximate  amount  of  crude  oil  ultimately  to  be 
produced  by  the  whole  United  States  and  its  adjacent  continental  shelf 
areas. 

Estimates  by  Others 

As  we  have  remarked  earlier,  estimates  published  within  the  last  12  years  of 
the  ultimate  amount  of  crude  oil  to  be  produced  within  the  United  States 
and  its  adjacent  continental  shelves,  exclusive  of  Alaska,  have  had  a  fourfold 
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range  from  145  to  590  billion  barrels.  Estimates  in  the  higher  range  fall  into 
two  principal  groups:  (I)  estimates  based  on  the  Zapp  hypothesis,  or  its 
modification,  and  (2)  estimates  based  on  geological  analogy. 

Production  estimates  based  on  the  Zapp  hypothesis  (p.  177).  or  its  modi- 
fication, include:  590  billion  barrels  of  crude  oil  for  Ihc  United  States, 
exclusive  of  Alaska  (Zapp,  1961);  650  billion  barrels,  presumably  including 
Alaska  (McKelvey  and  Duncan,  1965);  and  400  billion  barrels,  including 
Alaska  (Hendricks,  1965).  Since  these  have  already  been  analyzed  in  detail 
in  a  recent  paper  (Hubbert.  1967),  only  brief  comment  regarding  them  will 
be  made  here. 

The  Zapp  hypothesis,  in  the  form  that  produced  the  above  estimates,  is 
based  on  the  assumption  that  the  oil  to  be  discovered  per  foot  of  exploratory 
drilling  in  any  given  petroliferous  region  will  remain  essentially  constant 
until  an  areal  density  of  about  one  exploratory  well  per  two  square  miles  has 
been  achicNcd.  The  nature  of  this  hypothesis,  as  formulated  by  Zapp  (1962, 
pp.  H-22  H-23)  for  the  conterminous  United  States  as  of  the  year  1959,  is 
shown  graphically  in  Figure  8.18. 

In  this,  only  percentages  of  ultimate  exploration  were  given.  Later  (after 
the  foregoing  report  was  written,  but  before  its  publication),  Zapp  (1961) 
estimated  that  by  1961,  about  130  billion  barrels  of  crude  oil  had  already 
been  discovered  in  the  United  Slates  by  about  1.1  billion  feet  of  exploratory 
drilling.  This  would  have  been  at  a  rate  of  1 18  bbls/ft.  He  also  estimated  that 
the  cumulative  footage  required  by  a  density  of  one  well  per  two  square 
miles,  drilled  either  to  the  basement  or  to  20,000  feet,  in  the  United  States 
would  amount  to  5  billion  feet,  and  that  by  such  drilling  590  billion  barrels 
of  producible  crude  oil  would  be  discovered.  This  corresponds  to  the 
maintenance  of  an  average  discovery  rate  of  118  bbls/ft  for  the  entire  5 
billion  feet  of  drilling. 

A  simple  test  of  the  validity  of  this  hypothesis  can  be  made  by  determining 
whether  or  not  the  discoveries  per  foot  made  by  past  exploratory  drilling 
have  remained  approximately  constant.  This  we  have  done,  and  the  results, 
which  are  given  in  Figure  8. 16,  show  unequivocally  that  the  Zapp  hypothesis 
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FIGURE  8.18 

The  Zapp  hypothesis  of  the  rate  of  oil  discoveries  per  foot  of  exploratory 

drilling  versus  cumulative  footage. 
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Comparison  of  Zapp  hypothesis  with  actual  United  States  discovery  data 

from  Figure  8.16. 

in  this  simple  form  is  untenable.  Instead  of  remaining  constant,  discoveries 
per  foot  have  fallen  drastically  during  the  last  35  years  from  a  maximum  value 
of  276  bbs/ft  during  the  period  1928-1937  to  a  present  figure  of  about 
35  bbls/  ft.  I  n  Figure  8. 1 9  the  data  of  Figure  8.16  are  shown  superposed  on  the 
rectangle  generated  by  the  Zapp  hypothesis  of  a  constant  discovery  rate  of 
118  bbls/ft.  From  this,  it  is  evident  why  the  estimate  derived  deductively 
from  the  Zapp  hypothesis  is  about  3.5  times  the  highest  figure  of  about 
165  billion  barrels  that  can  be  justified  by  the  discovery  data— an  over- 
estimate of  about  425  billion  barrels. 

Consequently,  since  the  Zapp  hypothesis  is  not  compatible  with  petroleum- 
industry  data  and  leads  consistently  to  figures  that  are  much  too  high, 
estimates  obtained  by  the  use  of  that  hypothesis  in  the  form  applied  must  be 
discounted. 

Of  the  higher  range  of  estimates  based  on  geological  premises  and  analogy, 
among  the  most  notable  are  those  by  L.  G.  Weeks  (1948;  1950;  1958;  1959), 
formerly  a  geologist  of  Standard  Oil  Company  of  New  Jersey,  and  now  a 
consultant.  In  1948,  Weeks  gave  a  summary  estimate,  based  on  the  tech- 
nology and  economics  of  that  date,  of  110  billion  barrels  as  the  ultimate 
amount  of  crude  oil  to  be  produced  on  the  land  areas  of  the  United  States. 
In  1958,  he  increased  this  to  240  billion  barrels  of  "liquid  petroleum"  for 
both  the  land  area  and  the  adjacent  continental  shelves.  When  corrected 
for  natural-gas  liquids,  this  would  reduce  to  about  200  billion  barrels  of 
crude  oil.  Then,  in  the  following  year  (1959),  he  increased  this  estimate  to 
460  billion  barrels  of  liquid  petroleum,  which  would  correspond  to  about 
380  billion  barrels  of  crude  oil. 

As  to  how  these  estimates  were  made.  Weeks  has  remained  consistently 
unclear.  The  figures  apparently  are  to  be  accepted  on  the  authority  of  the 
author's  extensive  knowledge  of  petroleum  geology.  Moreover,  for  the 
11 -year  period  from  1948  to  1959,  for  which  Weeks  more  than  tripled  his 
estimate,  there  was  no  commensurate  increase  in  the  knowledge  of  the 
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petroleum  geology  of  the  United  States.  It  is,  therefore,  not  possible  to 
appraise  the  reliabiHty  of  Weeks'  estimates  in  terms  of  the  methods  used; 
they  can  only  be  checked  against  other  soun.  r  of  information.  By  this 
criterion,  it  appears  that  Weeks'  earlier  estimate  '^i  1 10  billion  barrels  for  the 
land  area  is  more  reliable  than  his  later  estimates  *  or.  if  to  the  figure  of  1 10 
billion  barrels  for  the  land  area,  we  add  a  liber. •!  'dditional  20-30  billion 
barrels  for  the  adjacent  continental  shelves  and  ;» '  Mcr  25  billion  barrels  for 
improvements  in  exploratory  and  production  ■  -  hniques,  we  obtain  an 
estimate  in  the  range  of  155  to  175  billion  barrti  •  which  is  consistent  with 
other  present  information.  No  justification,  geological  or  otherwise,  has 
yet  been  found  for  Weeks'  more  recent,  much  higher  estimates. 


Natural-Gas  Resources  of  the  United  States 

The  rate  of  production  of  natural  gas  in  the  United  States  has  been  shown  in 
Figure  8.6.  As  in  the  case  of  crude  oil.  we  require  an  estimate  of  the  ultimate 
quantity,  Q^,  of  natural  gas  that  the  United  States  and  adjacent  continental 
shelf  areas,  exclusive  of  Alaska,  may  be  expected  to  produce  before  we  can 
construct  a  curve  of  the  complete  cycle  of  production. 

The  problem  of  estimating  Q^  for  natural  gas  is  essentially  the  same  as 
that  for  crude  oil.  However,  because  of  the  close  genetic  relationship  between 
natural  gas  and  crude  oil,  a  good  approximation  of  Q^  for  gas  can  be 
obtained  from  the  results  of  the  analysis  for  crude  oil  which  has  already 
been  given.  We  have  seen  that  by  I  January  1967,  the  ultimate  amount  of 
crude  oil  that  the  fields  already  discovered  in  the  conterminous  United  States 
are  estimated  to  produce  is  taken  to  be  136  billion  barrels,  leaving  29  billion 
barrels  for  future  crude-oil  discoveries. 

During  the  last  20  years,  the  ratio  of  natural-gas  discoveries  in  the  United 
States  to  those  of  crude  oil  have  averaged  about  6,000  ft^/bbl. 

Making  a  liberal  assumption  of  7,500  ft^/bbl  for  the  gas-oil  ratio  of  future 
gas  discoveries,  we  would  then  obtain  an  estimate  of  218  trillion  cubic  feet 
for  the  gas  to  be  discovered  while  the  29  billion  barrels  of  future  crude-oil 
discoveries  are  being  made. 

By  1  January  1967,  the  cumulative  proved  discoveries  (cumulative 
production  plus  proved  reserves)  of  natural  gas  in  the  conterminous  United 
States  amounted  to  604  trillion  cubic  feet  and  the  proved  reserves  alone  to 
286  (AGA,  API.  and  CPA,  1967).  In  our  previous  study  of  crude  oil,  we 
found  an  estimated  24.1  billion  barrels  of  producible  crude  oil  in  fields 
already  discovered  in  excess  of  the  31.1  billion  barrels  of  proved  reserves. 
Assuming  that  about  the  same  ratio  prevails  for  natural  gas,  we  obtain  a 
figure  of  222  trillion  cubic  feet  for  the  fields  already  discovered  beyond  the 
286  trillion  cubic  feet  of  proved  reserves. 
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Then,  adding  these  three  figures,  we  obtain  a  rough  estimate  for  the 
ultimate  amount  of  gas  Q^ : 

(10' 2ft-') 

Proved  discoveries,  as  of  1-1-67  604 

Additional  gas  in  already  discovered  fields       222 
Future  discoveries  2 1 8 

Total  e^  1,044 

This  figure  is  in  close  agreement  with  the  estimate  of  1.000  trillion  cubic 
feet  obtained  from  different  data  in  the  National  Academy  of  Sciences 
report  on  Energy  Resources  (Hubbert,  1962,  pp.  75-80)  of  1962.  It  is  much 
less  than  the  Zapp  (1961)  estimate  of  2,650  trillion  cubic  feet,  and  the 
Hendricks  (1965)  estimate  of  about  2,000  trillion  cubic  feet,  including 
Alaska,  or  about  1,800  trillion  cubic  feet,  excluding  Alaska. 

An  estimate  of  a  totally  different  character  has  recently  become  available 
as  the  result  of  the  work  of  an  industry  committee,  the  Potential  Gas  Com- 
mittee, under  the  chairmanship  of  B.  Warren  Beebe.  At  its  meeting  in 
Vancouver  on  15-17  September  1967,  the  Committee  on  Resources  and 
Man  received  from  Beebe  a  confidential  preview  of  a  forthcoming  report  of 
the  Potential  Gas  Committee. 

This  committee  is  made  up  of  about  200  members  from  the  oil  and  gas 
industry.  It  consists  of  a  central  committee,  and  15  separate  regional 
committees  whose  members  are  chosen  on  the  basis  of  their  extensive 
knowledge  of  the  region  concerned.  The  committee  is  a  continuing  committee 
and  plans  to  revise  its  estimates  at  two-year  intervals.  Beginning  at  the  local 
level,  and  using  confidential  information  from  the  petroleum-industry 
files,  local  estimates  are  made,  which  are  then  assembled  into  regional 
estimates  and  these,  finally,  into  an  estimate  for  the  whole  conterminous 
United  States. 

The  report  of  the  Potential  Gas  Committee,  released  in  October  1967, 
presents  the  following  estimate  of  the  natural-gas  situation  of  the  United 
States,  exclusive  of  Alaska  and  Hawaii,  as  of  31  December  1966: 

(lO'^ft^) 

Cumulative  past  production  314 

Proved  reserves  286 

Total  proved  discoveries  600 

Potential  supply  690 

Ultimate  supply  1,290 
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The  total  potential  supply  of  690  trillion  cubic  feet  is  the  sum  of  the 
following  amounts  of  gas  classified  according  to  decreasing  probability  of 
discovery : 

(6'2fl^) 

Probable  300 

Possible  210 

Speculative  180 

Total  Potential  Supply  690 

A  minor  discrepancy  exists  between  the  Potential  Gas  Committee's 
figure  of  600  trillion  cubic  feet  for  cumulative  proved  discoveries  up  to  the 
beginning  of  1967.  and  the  figure  of  604  trillion  cubic  feet  used  herein.  The 
latter  agrees  with  that  given  in  the  AG  A,  API,  and  CPA  report  of  1967  (p. 
161).  However,  the  principal  dilTerence  lies  in  the  amounts  of  gas  estimated 
to  be  obtained  from  new  fields  still  to  be  discovered,  over  and  above  the  825 
trillion  cubic  feet  estimated  to  be  ultimately  producible  from  fields  already 
discovered.  In  the  Potential  Gas  Committee's  estimate,  this  would  amount 
to  465  trillion  cubic  feet,  which  is  just  over  twice  the  amount  of  our  estimate 
of  218  trillion  cubic  feet,  based  on  future  oil  discoveries. 

At  a  gas-oil  ratio  of  7,500  ft-'/bbl,  the  new  discoveries  of  crude  oil  that 
would  have  to  accompany  the  future  discovery  of  465  trillion  cubic  feet  of 
gas  would  amount  to  62  billion  barrels.  The  data  in  Figure  8.16  definitely  do 
not  support  any  such  quantity  but,  rather,  a  figure  of  about  half  that  amount. 

Hence,  although  the  estimate  of  the  Potential  Gas  Committee  of  1290 
trillion  cubic  feet  and  that  of  1044  trillion  cubic  feet  based  on  a  crude-oil 
analysis  in  conjunction  with  the  gas-oil  ratio  are  in  substantial  agreement, 
there  still  exists  an  excess  of  about  250  trillion  cubic  feet  in  the  Potential 
Gas  Committee's  report  which  is  difficult  to  reconcile  with  any  likely 
amount  of  crude  oil  still  to  be  discovered.  If  the  180  trillion  cubic  feet  of  gas 
classed  as  "speculative"  by  the  Potential  Gas  Committee  should  be  with- 
drawn, then  a  satisfactory  agreement  would  be  obtained. 

Using  the  Potential  Gas  Committee's  figure,  Q^  =  1290  trillion  cubic 
feet,  the  complete  cycle  of  U.S.  gas  production  is  shown  in  Figure  8.20. 
According  to  this,  a  peak  production  rate  of  about  25  trillion  cubic  feet  per 
year  will  occur  about  the  year  1980.  The  time  required  to  produce  the 
middle  80  percent  of  the  ultimate  cumulative  production  will  be  the  approxi- 
mately 65-year  period  from  about  the  years  1950  to  2015.  Also  shown  is  a 
curve  of  what  the  production  would  be  until  about  1985  if  it  were  to  continue 
the  growth  rate  of  6.34  percent  f)er  year  which  has  prevailed  during  recen, 
decades. 

A  curve  analogous  to  that  in  Figure  8.20  has  also  been  computed  for 
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FIGURE  8.20 

Complete  cycle  of  natural -gas  production  in  the  United  States  and  adjacent  continental 

shelves,  exclusive  of  Alaska. 


Q^  =  1040  trillion  cubic  feet;  it  closely  resembles  the  curve  in  Figure 
8.20  except  that  the  peak  production  rate  is  reduced  to  about  21  trillion 
cubic  feet  per  year,  and  occurs  at  about  the  year  1978. 

Estimates  of  Natural-Gas  Liquids 

The  foregoing  discrepancy  in  the  estimates  of  future  discoveries  of  natural 
gas  carries  over  into  estimates  of  natural-gas  liquids.  By  31  December  1966, 
the  cumulative  discoveries  and  proved  reserves  of  natural-gas  liquids  for  the 
conterminous  United  States  were  the  following  (API,  AG  A,  and  CPA,  1967, 
p.  116,  118,  207): 


Cumulative  production 
Proved  reserves 


9.86  X  10'  bbls 
8.33  X  10'  bbls 


Cumulative  discoveries         18.19  x  10' bbls 


Since  natural-gas  liquids  are  produced  along  with  natural  gas,  the  signi- 
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ficant  ratio  for  these  two  fluids  is  that  ofgas/NGL.  If  we  take  the  cumulative 
discoveries  of  these  two  fluids  from  1860  to  1967,  this  ratio  is 

604  X  lO'^ft^ 
gas/NGL  =  ,^  ^       ^^ 


18.2  X  10**  bbls 
=  33,200  ft^/bbl. 


If.  on  the  other  hand,  we  take  the  corresponding  ratio  for  the  decades 
1947  to  1957  and  1957  to  1967,  we  obtain: 


For  1947-1957, 


For  1957-1967, 


gas/NGL  =  27,000  ft Vbbl; 


gas/NGL  =  26,000  ft^bbl 


From  these  figures,  it  appears  that  the  gas-NGL  ratio  is  progressively 
decreasing  with  cumulative  gas  production.  In  view  of  this  progressive 
decline  in  the  gas-NGL  ratio,  it  is  difficult  to  justify  a  figure  larger  than 
25,000  ft^/bbl  for  future  U.S.  discoveries.  Using  this  figure,  in  conjunction 
with  cumulative  proved  discoveries  of  604  trillion  cubic  feet  by  the  beginning 
of  1967,  and  the  two  estimates  of  Q^  for  natural  gas,  of  1044  trillion  and 
1290  trillion  cubic  feet,  we  obtain  for  the  estimates  of  future  discoveries  of 
natural-gas  hquids: 

For(2x  =  1044  X  10'^ft\ 

(1044  -  604)  X  lO'^ft^       ,^,       ,««,_._, 

NGL  =  ^— — ,J,,^^^, =  17.6  X  10^  bbls; 

2.5  X  10*  ft^/bbls 

For^,  =  1290  X  10'' ft\ 

^^^.        (1290  -  604)  X   10'2  ft^       „^       ,^,  ... 
.^^^  =        2.5  X  10-  ft3/bbl         =  ''•'  ^  ^'    ''^'^- 

When  these  figures  are  added  to  the  18.2  x  10'^  bbls  of  cumulative 
.proved  discoveries,  we  obtain  35.8  billion  and  45.6  billion  barrels  for  the 
estimated  ultimate  quantity  of  natural-gas  liquids  to  be  produced  in  the 
conterminous  United  Slates.  On  the  basis  of  our  previous  comments  con- 
cerning the  natural-gas  estimates,  only  the  lesser  of  these  two  figures  is 
compatible  with  our  earlier  analysis  of  crude  oil,  and  is  accordingly  favored 
here.  Using  the  smaller  figure,  rounded  off  to  36  billion  barrels,  the  full 
cycle  of  U.S.  production  of  natural-gas  liquids  is  shown  in  Figure  8.21. 
According  to  the  calculations  on  which  this  figure  is  based,  a  peak  production 
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FIGURE  8.21 

Complete  cycle  of  production  of  natural-gas  liquids  in  the  United  States  and  adjacent 
continental  shelves,  exclusive  of  Alaska. 


rate  of  abcut  775  million  barrels  of  natural-gas  liquids  per  year  will  be  reached 
at  about  1980. 


Total  Petroleum  Liquids 

The  sum  of  the  production  rate  of  crude  oil  and  that  of  natural-gas  liquids 
gives  the  production  rate  for  petroleum  liquids.  Likewise,  the  sum  of  the 
ultimate  amount  of  crude  oil  and  of  natural-gas  liquids  gives  the  ultimate 
amount  of  petroleum  liquids  to  be  produced.  For  the  United  States,  exclusive 
of  Alaska,  this  amounts  to  165  billion  barrels  of  crude  oil  plus  36  billion 
barrels  for  natural-gas  liquids,  or  to  201  billion,  rounded  to  200  billion, 
barrels  as  the  estimated  magnitude  of  Q^  for  petroleum  liquids. 

Using  this  value  for  Q^,  the  complete  cycle  of  production  of  petroleum 
liquids  is  shown  in  Figure  8.22.  A  peak  rate  of  production  of  about  3.5 
billion  barrels  per  year  is  estimated  to  occur  during  the  first  half  of  the 
1970-decade,  and  production  of  the  middle  80  percent  of  Q^  is  expected  to 
occur  during  the  64-year  period  from  about  the  year  1937  to  2001.  Also 
shown  in  Figure  8.22  is  the  course  that  the  annual  production  would  follow 
were  it  to  continue  at  the  constant  rate  of  growth  of  5.13  percent  per  year 
which  prevailed  from   1934  to   1952. 

Estimates  for  Alaska.  As  stated  above,  the  exploration  for  petroleum  in 
Alaska  is  just  in  its  beginning  stages,  and  significant  production  of  crude  oil 
began  only  in  1958.  Consequently,  about  the  only  guide  for  estimates  at 
present  is  geological  analogy  coupled  with  the  exploratory  successes  achieved 
thus  far.  On  this  basis  a  tentative  allowance  has  already  been  made  for  an 
ultimate  production  of  25  billion  barrels  of  crude  oil.  If  we  assume  an 
average  gas-oil  ratio  of  6,000  ft^/bbl,  which  is  about  that  for  the  rest  of  the 
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FIGURE  8.22 

Complete  cycle  of  production  of  petroleum  liquids  in  the  United  States  and  adjacent 

continental  shelves,  exclusive  of  Alaska. 

United  States,  this  would  give  about  150  trillion  cubic  feet  for  the  ultimate 
production  of  natural  gas.  And,  at  an  average  rate  of  30,000  ft-'/bbl  for  the 
natural-gas— natural-gas  liquids  ratio,  the  estimated  ultimate  amount  of 
natural-gas  liquids  would  be  about  5  billion  barrels. 

Tolal  Petroleum  for  the  Whole  United  States.  These  figures  added  to  those 
already  obtained  for  the  rest  of  the  United  States  give  our  present  estimates 
for  the  ultimate  amounts  of  petroleum  fluids  that  the  whole  United  States 
and  its  adjacent  continental-shelf  areas  may  reasonably  be  expected  to 
produce.  These  estimates  are  given  in  Table  8.1. 


TABLE  8.1     . 

Estimated  ultimate  amounts  of  petroleum  fluids  to  be  produced  by  the  United 
States  (including  contiguous  continental  shelves). 


Region 

Crude  Oil 
(lO^bbls) 

Natural -gas 

Liquids 
(lO^bbls) 

Petroleum 

Liquids 
(lO^bbls) 

Natural 
Gas 

(10^2  ft3) 

Conterminous 
United  States 

Alaska 

Total 

165 

25 

190 

36 
5 

41 

201 

30 

231 

1,050 

150 

1,200 
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WORLD  RESOURCES  OF  PETROLEUM 

The  Committee  on  Resources  and  Man  is  indebted  to  W.  P.  Ryman.  Deputy 
Exploration  Manager  of  Standard  Oil  Company  of  New  Jersey,  for  several 
diflerent  world  estimates  of  ultimate  crude  oil  recovery,  by  major  geograph- 
ical areas  (Table  8.2).  Column  one  of  Table  8.2  contains  estimates  made 
in  January  1967  by  H^or/t/ 0/7  of  "proved"  ultimately  recoverable  crude  oil. 
Column  two  presents  estimates  of  December  1966  made  by  World  Petroleum 
of  "proved  and  probable"  ultimately  recoverable  crude  oil.  Finally,  column 
three  presents  a  1962  estimate  of  L.  G.  Weeks,  and  column  four  a  tentative 
estimate  as  of  1967  by  W.  P.  Ryman  of  ultimately  recoverable  crude  oil 
under  normal  expected  recovery  practices.  The  estimates  of  the  last  two 
columns  each  represent  the  sum  of  cumulative  production  plus  proved 
reserves  plus  probable  reserves  plus  future  discoveries. 

Our  concern  here  is  only  with  the  estimates  of  Weeks  and  Ryman  given 
in  columns  three  and  four,  for  these  are  the  only  ones  that  include  future 
discoveries. 


TABLE  8.2 

Estimated  ultimate  recovery  (EUR)  of  world  crude  oil,  by  geographical  area  (in 
billions  of  U.S.  barrels). 


World  Petr.. 

Wor/d  Oil. 

Dec.  1966 

Jan.  1967 

Proved  & 

L.  G.  Weeks, 

W.  P.  Ryman, 

Proved 

Probable 

1962 

1967 

Reserves 

Reserves 

EUR' 

EUR* 

Free  World  outside 

United  States 

Europe 

3.6 

4.0 

19 

20 

Africa 

31.9 

49.0 

100 

250 

Middle  East 

273.7 

304.1 

780 

600 

Far  East 

15.1 

17.1 

85 

200" 

Latin  America 

56.9 

64.4 

221 

225» 

Canada 

10.9 

11.4 

85 

95 

Total 

392.1 

450.0 

1,290 

1,390 

United  States 

113.4 

128.6 

270 

200 

Total  Free  World 

505.5 

578.6 

1.560 

1,590 

U.S.S.R..  China, 

and  satellites 

65.5 

86.7 

440 

500 

Total  World 

571.0 

665.3 

2,000 

2.090 

Source :  W.  P.  Ryman,  Deputy  Exploration  Manager,  Standard  Oil  Company  of  New  Jersey. 
'Based  on  normal  expected  recovery.  Estimate  includes:  Produced  +  Proved  +  Probable  +  Future 
Discoveries. 

*  Includes  offshore  areas. 
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The  Ryman  estimates  follow  closely  the  earlier  estimates  of  Weeks,  but 
with  some  minor  adjustments  of  the  Weeks  estimates  for  separate  areas. 
With  the  exception  of  three  cases,  these  adjustments  to  the  Weeks  estimates 
have  been  less  than  1 1  percent.  In  the  three  exceptional  cases,  the  Weeks 
estimate  for  Africa  was  increased  from  100  billion  to  250  billion  barrels, 
that  for  the  Far  East  from  85  billion  to  200  billion  barrels,  and  that  for  the 
United  States  was  decreased  from  270  billion  to  200  billion  barrels.  For  the 
world  total,  the  Weeks  estimate  of  2,000  billion  barrels  was  increased  to 
2,090  billion. 

It  is  here  considered  that  the  Ryman  estimates  given  in  column  four  of 
Table  8.2  are  about  as  accurate  relative  estimates  of  crude-oil  resources  of 
the  various  major  regions  of  the  world  as  can  be  made  at  the  present  time. 
The  word  "relative"  is  stressed,  because  the  Ryman  estimates  follow  closely 
those  of  Weeks.  However,  the  Weeks  estimates  include  a  figure  of  270 
billion  barrels  for  the  United  States,  which  is  about  50  percent  more  than  the 
highest  figure  that  can  be  justified  by  the  petroleum-industry  data  reviewed 
herein.  Hence,  if  the  Weeks  method  gives  for  the  United  States— the  most 
completely  explored  region  in  the  world  (and  its  standard  yardstick)— an 
estimate  that  is  about  50  percent  too  large,  it  is  a  fair  presumption  that  the 
same  may  be  true  of  his  estimate  for  the  rest  of  the  world  also.  In  view  of 
this  possibility,  two  separate  figures  are  here  taken  as  the  value  of  Q^  for 
the  ultimate  world  production  of  crude  oil:  Ryman's  estimate  rounded  off 
to  2,100  billion  barrels,  and  a  smaller  figure  of  1,350  billion  barrels,  which  is 
about  two-thirds  of  the  Weeks  estimate.  It  appears  that  the  uncertainty  of 
the  world  estimates  at  present  is  roughly  within  these  limits. 

The  estimated  full  cycles  of  world  crude-oil  production,  based  on  the 
two  values,  Q^  =  2,100  and  Q^  =  1,350  billion  barrels,  are  shown  in 
•Figure  8.23.  For  the  smaller  figure,  a  peak  production  rate  of  about  25 
billion  barrels  per  year  is  estimated  to  occur  at  about  the  year  1990,  with  the 
middle  80  percent  of  the  cumulative  production  requiring  only  the  58-year 
period  from  1961  to  2019.  For  the  higher  figure,  the  peak  of  the  production 
rate  of  about  37  billion  barrels  per  year  would  be  delayed  by  only  10  years 
to  about  the  year  2000.  In  this  case,  the  time  required  to  produce  the  middle 
80  percent  of  the  ultimate  cumulative  production  would  be  increased  to  the 
64-year  period  from  about  1968  to  2032. 

Mention  should  also  be  made  of  the  recent  world  crude-oil  estimates  by 
Hendricks  (1965).  In  these  estimates,  Hendricks  used  the  same  modification 
of  the  Zapp  hypothesis  that  he  used  to  obtain  his  estimate  for  the  United 
States.  Hendricks'  estimate  for  the  world  crude  oil  eventually  to  be  dis- 
covered is  6,200  billion  barrels.  This  includes  his  estimate  of  1,000  billion 
barrels  for  the  United  States.  With  an  assumed  40-percent  recovery  factor, 
these  two  figures  reduce  to  2,480  billion  and  400  billion  barrels  of  recoverable 
crude  oil  for  the  world  and  the  United  States,  respectively.  Since  his  figure 
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FIGURE  8.23 

Complete  cycles  of  world  crude-oil  production  for  two  values  of  Q  , . 

of  400  billion  barrels  for  Ihc  United  Stales  includes  Alaska,  it  is  to  be  com- 
pared with  our  present  estimate  of  190  billion  barrels  for  the  whole  United 
States.  Then,  if  a  proportionate  reduction  is  applied  to  the  Hendricks 
world  estimate,  his  figure  of  2,480  billion  barrels  is  reduced  to  1,180,  which 
is  of  the  approximate  magnitude  of  our  lower  figure  of  1,350  billion  barrels. 
Another  recent  review  of  world  petroleum  resources  was  that  given  by 
D.  C.  Ion  (1967)  before  the  Seventh  World  Petroleum  Congress  in  Mexico 
City,  April  1967.  This,  however,  was  based  so  heavily  upon  the  Hendricks 
estimate  of  1965  that  it  can  hardly  be  regarded  as  an  independent  estimate. 


WORLD   RESOURCES  OF  NATURAL  GAS  AND 
NATURAL-GAS  LIQUIDS 

As  was  true  for  U.S.  production  of  natural  gas  during  the  earlier  phases  of 
the  petroleum  industry  in  the  United  States,  the  world  production  of  natural 
gas  has  been  handicapped  in  many  areas  by  the  absence  of  an  accessible 
market.  Consequently,  much  of  the  gas  produced  has  been  flared  and 
wasted.  However,  recent  advances  in  technology  are  eliminating  much  of 
this  waste,  so  that  eventually  it  is  probable  that  most  of  the  natural  gas 
and  natural-gas  liquids  produced  will  be  conserved  for  industrial  uses. 
Three  main  factors  make  this  possible.  One  is  an  increase  in  gas-consuming 
industries,  such  as  power  production  and  the  manufacture  of  Portland 
cement  near  centers  of  gas  production.  The  second  is  the  building  of  large- 
diameter  pipelines  for  the  transmission  of  gas  from  remote  production 
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areas  to  main  industrial  centers  of  consumption.  The  third  is  the  develop- 
ment of  cryogenic  tankers  for  transoceanic  transportation  of  natural  gas 
in  a  liquefied  form. 

To  make  a  rough  estimate  of  the  world  resources  of  natural  gas  and 
natural-gas  liquids,  about  the  best  that  can  be  done  at  present  is  to  assume 
that  the  ratios  of  natural  gas  and  of  natural-gas  liquids  to  crude  oil  for  the 
whole  world  will  be  about  the  same  as  those  for  the  United  States,  and  that 
shortly  most  of  these  fluids  will  be  utilized  rather  than  wasted. 

For  the  United  States,  the  ratio  of  the  estimated  ultimate  amount  of 
natural  gas  to  be  produced  to  that  of  crude  oil  is  about  6,400  ftVhbl;  the 
corresponding  ratio  of  natural-gas  liquids  to  crude  oil  is  about  0.22  bbls/bbl. 
For  a  rough  estimate,  these  figures  may  be  rounded  off  to  6,000  ft\  bbl  for 
the  natural  gas— crude-oil  ratio  and  to  0.2  bbls/bbl  for  the  natural-gas 
liquids— crude-oil  ratio.  Applying  these  ratios  to  our  two  previous  estimates 
for  the  ultimate  world  crude-oil  production  gives  corresponding  estimates 
for  the  ultimate  world  production  of  natural  gas  and  natural-gas  liquids. 
These  are  given  in  Table  8.3.  The  estimates  given  by  W.  P.  Ryman  at  the 
Vancouver  conference  for  the  ultimate  world  production  of  natural-gas 
liquids  and  natural  gas  were  375  x  10^  bbls  and  12,000  x  10'^  ft-*,  re- 
spectively. Both  of  these  figures  are  within  the  ranges  indicated  in  Table  8.3. 

TAR  OR  HEAVY-OIL  SANDS 

So-called  tar,  or  heavy  oil  sands  are  impregnated  with  what  is  essentially 
a  heavy  crude  oil  that  is  too  viscous  to  permit  recovery  by  natural  flowage 
into  wells.  Since  such  sands  are  as  yet  almost  unexploited,  no  convenient 
world  inventory  of  their  occurrence  is  available.  However,  the  best  known 
of  such  deposits,  and  possibly  the  world's  largest,  are  in  the  Province  of 
Alberta,  Canada.  Pow,  Fairbanks,  and  Zamora  (1963)  report  on  the  large 
Athabasca  deposit  near  Fort  McMurray  in  northeastern  Alberta  and  two 


TABLE  8.3 

Estimates  of  ultimate  world  production  of  natural-gas  liquids,  total  petroleum 
liquids,  and  natural  gas,  based  on  two  estimates  of  the  ultimate  production  of 
crude  oil. 


. 

Ultimate 

Ultimate 

Ultimate 

total  petroleum 

Ultimate 

world  crude-oil 

natural-gas 

liquids 

natural-gas 

production 

liquids  production 

production 

production 

(109  bbls) 

(109  bbls) 

(109  bbls) 

(10'2ft3) 

1,350 

250 

1,620 

8,000 

2,100 

420 

2,520 

12,000 

696 


TABLE  8.4 

Tar-sand  deposits  of  Alberta,  Canada. 

Area 

Evaluated  Reserves 
(lO^bbls) 

Athabasca 
Bluesky-Gething 
Grand  Rapids 
Total 

266.9 
20.6 
13.3 

300.8 

Source:  Pow,  Fairbanks,  and  Zamora  (1963). 

smaller  groups:  the  Bluesky-Gething  deposits  in  northwestern  Alberta, 
and  the  Grand  Rapids  deposits  in  north-central  Alberta. 

or  these,  the  Athabasca  deposit  has  an  area  of  about  9,000  square  miles 
and  contains  about  88  percent  of  the  total  evaluated  tar-sand  reserves  of  the 
Province.  The  Bluesky-Gething  deposits  have  an  area  of  about  1,800  square 
miles  and  contain  about  7  percent  of  the  evaluated  reserves.  The  remaining 
deposits  have  an  aggregate  area  of  about  1,600  square  miles  and  contain 
about  5  percent  of  the  evaluated  reserves.  The  thickness  of  overburden  in 
the  various  deposits  ranges  from  0  at  surface  outcrops  to  about  2,000  feet. 

The  evaluated  reserves  of  recoverable  upgraded  synthetic  crude  oil  from 
the  three  groups  of  deposits  are  given  in  Table  8.4. 

During  the  last  half  century,  small-scale  efforts  to  exploit  these  sands 
have  repeatedly  failed.  Since  1966,  however,  the  first  large-scale  mining 
and  extraction'  plant,  developed  by  a  combination  of  major  oil  companies, 
has  gone  into  successful  operation.  Development  work  has  also  been  under 
way  since  1958  by  a  number  of  other  oil  companies,  who  only  await  the 
approval  of  the  provincial  government  to  begin  further  exploitation. 

If  we  compare  the  magnitude  of  the  reserves  of  these  deposits  with  that  of 
the  crude-oil  resources  of  the  United  States,  their  potential  importance  in 
the  comparatively  near  future,  when  domestic  crude-oil  production  begins 
its  decline,  is  immediately  apparent.  The  oil  from  these  sands  has  the  addi- 
tional advantage  that,  being  in  the  same  chemical  family  as  crude  oil,  it  can  be 
processed  by  existing  oil  refineries  without  major  modifications. 

OIL  SHALES 

As  remarked  previously,  oil  shales  differ  from,  tar  or  heavy-oil  sands  in  that 
their  hydrocarbon  contents  are  in  a  solid  rather  than  a  viscous-liquid  form. 
Also  shale  oil  differs  considerably  from  crude  oil  in  chemical  content; 
it  includes  objectionable  nitrogen  and  other  impurities.  Consequently, 
the  oils  from  oil  shales  pose  special  problems  in  refining. 
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In  the  United  States,  the  principal  and  best  known  oil-shale  deposits  are 
those  of  the  Green  River  Formation  in  the  Piceance  Basin  of  northwestern 
Colorado,  the  Uinta  Basin  of  eastern  Utah,  and  the  Green  River  Basin  of 
southwestern  Wyoming.  Because  the  oil  contents  of  these  shales  range  from 
about  65  U.S.  gallons  per  ton  (1.5  barrels/ton)  for  the  richest  shales  to  near 
zero,  some  confusion  exists  in  where  to  place  the  cutoff  limit  of  oil  content 
in  estimating  the  magnitude  of  the  resources.  According  to  a  study  by 
Duncan  and  Swanson  (1965,  p.  13): 

Known  oii-shale  deposits  that  yield  10-25  gallons  of  oil  per  ton  contain  about 
800  billion  barrels  oil  equivalent  in  the  Piceance  Basin,  Colo.;  about  230  billion 
barrels  in  the  Uinta  Basin,  Utah;  and  about  400  billion  barrels  in  the  combined 
Green  River  Basin  and  Washakie  Basin,  Wyoming. 

These  figures  lend  to  be  misleading  unless  tempered  with  the  same  authors' 
discussion  elsewhere  of  "recoverable  resources."  These  are  said  to  be 
(ibid.,  p.  6): 

...  (I)  deposits  yielding  25-100  gallons  of  oil  per  ton,  in  beds  a  few  feet  thick  or 
more,  extending  to  depths  of  1.000  feet  below  surface  and  (2)  some  lower  grade 
deposits  yielding  10-25  gallons  of  oil  per  ton.  in  units  25  feet  thick  or  more,  which 
are  minable  by  open-pit  methods.  About  50  percent  of  the  oil  shale  in  place  is 
assumed  to  be  minable  under  present  conditions,  although  larger  percentages 
could  be  recovered  from  parts  of  deposits  minable  by  open-pit  methods. 

In  view  of  these  restrictions,  the  same  authors  list  (their  Table  2,  p.  9)  only 
80  billion  barrels  as  being  "recoverable  under  present  conditions"  from  the 
Green  River  Formation  in  Colorado,  Utah,  and  Wyoming.  Duncan  and 
Swanson  also  list  the  carbonaceous  Devonian  and  Mississippian  shales  of 
east-central  United  States,  and  other  shale  deposits,  whose  aggregate 
chemical  energy  contents  are  enormous,  but  the  oil-equivalent  content  per 
ton  is  so  small  that  they  are  classed  as  "marginal  and  submarginal." 

The  same  authors  have  compiled  a  comprehensive  summary  of  the  known 
major  deposits  of  carbonaceous  shales  throughout  the  world,  and  have 
given  estimates  of  their  oil  contents  in  their  Table  3  on  page  18  (our  Table 
8.5).  Again,  it  is  significant  that  although  the  table  gives  a  figure  of  about 
2  X  10'^  barrels  as  the  order  of  magnitude  of  the  total  oil-equivalent 
content  of  these  shales,  only  190  x  10^,  or  190  billion  barrels  (including 
80  billion  for  the  U.S.  Green  River  Shale),  is  listed  as  recoverable  under 
present  conditions. 

Hence,  the  organic  contents  of  the  carbonaceous  shales  appear  to  be 
more  promising  as  a  resource  of  raw  materials  for  the  chemical  industry 
than  as  a  major  source  of  industrial  energy. 


698 


^ 

O 

c 

3 

u> 

o 

m 

<rt 

5 

(1> 

O 

H) 

(1) 

O 

T5 

K 

O  o 


in 
<u 

■o  y 

C     3 
(0    O 

T3    4) 
O    <" 

o.i2 

(A     (Q 
■O     Q. 

c  a. 


lA 

c 
o 


c 


(A 

(0 


T3 
C 


'^  c 

-9  o 


o 

a. 


in 
O 
u 

3 
O 
<A 

o 


o 

M 

oo  o 


<A 
ID 
U 

5 
o 

a> 
OC 

c 

J 

o 

c 


V) 


«J  I/) 

>  o 

5  °- 

2.  4> 


o 
a 

D 
T5 


C 
03 

> 

'5 
a 


10 

c 
5> 

E 

3 

w 

T3 
C 
(Q 

"<5 

c 

'5> 
nj 


I 


o 
o 


in 

CM 


IT) 


0) 
Q. 


C 

o 


C3> 


ID 
•D 
nj 

o> 

c 

« 

c 

(0 
CC 


^       ^  c 
2  S  c  o 

>    c    »  ^ 

=  i  S 
u 


o 
u 
e 

OC 


I 
in 


m 

CM 

I 
o 


I 
m 

CM 


I 


m 

CM 

I 
o 


o 
o 

T 

in 

CM 


I 
in 


in 

I 
o 


8 

7 

m 

CM 


88 

o  o 

o  o 
in  a> 
■<t  in 


o  o  o  Q 

o  o  o  o 

o  o  o  o 

8"  o  o  o 

T»  (D    »- 

^    •-  CM    CM 


m 
in 


o  o  o  o 

o  o  o  p 

o  n  o  o 

^  »-"  CO  cm" 


8 


O   CO 

in  00 
^  in 


o  o  o  o 

8"  O  Tf  lo" 

in  in  o 

»-    »-  CM  CM 


8 


c 
o 

c 

c 
o 
U 


8888 

o  o  o  o 
O  <D  in"  «i 

CM    CM    T»    CO 


8 

o 

o 
in 


o 
o 
o 
o" 


c    c 


c 


®  o  o 

"88 
^'  t" 


«   O 

c  o 
CO 


?888 

CM    in    CM 

cm"  CO 


4>    CM 

c 


®gp 


o   c 


i  *= 


Q)     0)    O     O 

c   c  o   c 

CM 


™2 

£ 

^  <D  o  o 
o  in 
to  r~ 

o  o 
o)  r^ 

Small 

40 
520 
Small 

«- 

o  o 

E  CO  00  in 

1 

*-  CM 

o 

V) 

o 
oo' 


o 
o 
<o 

O) 


o 
o 

CM 


o 
o 


o 

CM 


(A 

c 
o 

•6 
c 
o 
c 

in 

<o 

O) 


0) 

•o 

c 

3 
® 

CO 

> 
o 

cj 

£ 

T3 
» 

•g 
35 

c 
o 
u 

« 

0) 


o 

O) 


00 

"     "8 


u 

c 


CO 

I-  5 

•«■  « 

CO  — 

<7>  ^ 

^  J3 


C 

o 

V) 

s   i 

♦-         CO 

•D 

C 
(O 


■o 
c 

C   10 
CO   0) 


(o    eg 


4)  9 

2       2  «  S.JC  £ 

•^     <4     3           3     O  O 

<  <  <       uj  Z  tf) 


2 
.5 


CM 

_>- 
o 

•I 
SiS 

c    ^^    ^ 

3  "A  a 
Q  *  a 

O    "O 

•  =  • 

<J  II  £ 

3    o  <^ 
(A  «    « 


699 


RESOURCES  OF  COAL 

World  production  of  coal  from  I860  to  1965  has  already  been  shown  in 
Figure  8.1.  and  that  for  the  United  States  in  Figure  8.4. 

Unlike  petroleum,  coal  occurs  as  stratified  deposits  in  sedimentary  basins. 
These  commonly  are  continuous  over  wide  areas  and  also  frequently  crop 
out  at  the  surface  of  the  ground.  Consequently,  by  means  of  surface  geological 
mapping,  and  a  few  widely  spaced  drill  holes,  it  is  possible  to  make  reasonably 
accurate  estimates  of  the  coal  resources  of  a  given  sedimentary  basin  in 
advance  oC  mining,  and  to  estimate  the  coal  resources  of  the  various  sedi- 
mentary basins  of  the  world.  Then,  with  this  knowledge,  by  means  of  the 
technique  illustrated  in  Figure  8.8,  it  is  possible  to  anticipate  the  period  of 
lime  during  which  coal  may  be  depended  upon  to  supply  a  major  part  of 
the  world's  requirements  for  industrial  energy. 

The  first  world-wide  inventory  of  coal,  based  on  such  considerations,  was 
that  reported  to  the  Twelfth  International  Geological  Congress  at  Toronto 
in  the  year  1913.  Although  many  of  the  estimates  at  that  time  were  very 
provisional,  the  estimate  of  minable  coal  resources  for  the  entire  world 
amounted  to  about  8  x  10'^  metric  tons.  Since  that  lime,  geological 
mapping  has  been  extended  to  all  the  land  areas  of  the  world.  The  result  has 
been  that  large  coal  deposits  in  Siberia  and  China,  which  were  little  known 
in  1913,  have  been  added  to  ihe  estimates  of  that  lime,  and  estimates  for 
other  areas  have  been  adjusted  upward  or  downward  as  geological  knowledge 
has  increased. 

During  the  last  two  decades,  the  U.S.  Geological  Survey  has  been  engaged 
in  a  detailed  study  of  the  country's  coal  resources,  and  in  connection  with 
this  study  Paul  Averitl  has  also  made  a  succession  of  estimates  of  the  coal 
resources  of  the  world,  using  published  national  estimates,  of  various 
countries,  interpreted  in  conjunction  with  accruing  geological  information. 
In  a  report  submitted  to  the  Natural  Resources  Subcommittee  of  the 
Federal  Council  of  Science  and  Technology,  Averitl  (1961)  gave  a  table 
(Hubbert.  1962.  p.  37)  of  the  estimated  remaining  producible  coal  reserves 
of  the  world  by  principal  regions  and  countries.  Minable  coal  was  taken  lo 
be  50  percent  of  the  coal  in  the  ground  in  seams  14  inches  (0.36  meters)  or 
more  thick  and  less  than  3.000  feel  (900  meters)  deep.  Averitl's  figure  for  Ihe 
world  was  2.3  x  10'^  metric  Ions. 

The  foregoing  figures  pertain  lo  coal  deposits  whose  extent  and  magnitude 
are  fairly  accurately  known  from  geological  mapping  and  other  data. 
Subsequently,  Averitl  has  extended  his  studies  to  include  not  only  the  coal 
resources  determined  by  mapping  bul  also  additional  coal  resources  which, 
from   geological   information   on   the   various  coal-bearing   areas,   may 
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TABLE  8.6 

Estimates  of  total  original  coal  resources  of  the  world  by  continents'  (in  billions 
of  short  tons). 


'           Resources 

Probable  additional 

determined 

resources  in 

by  mapping  and 

unmapped  and 

Estimated  total 

Continent 

exploration 

unexplored  areas 

resources 

Asia  and 

European  U.S.S.R. 

7,000" 

4,000 

1 1 .000^ 

North  America 

1,720 

2,880 

4.600 

Europe 

620 

210 

830 

Africa 

80 

160 

240 

Oceania 

60 

70 

130 

South  and 

Central  Americas 

20 

10 

30 

Total 

9.500" 

7,330 

16,830^ 

Source;  Paul  Averin.  1969,  Table  8.  p.  82. 

'Original  resources  in  the  ground  in  beds  12  inches  thick  or  more  and  generally  less  than  4,000 
feet  below  the  surface,  but  includes  small  amounts  between  4,000  and  6,000  feet. 
"Includes  about  6,500  billion  short  tons  in  the  USSR. 
■^Includes  about  9,500  billion  short  tons  in  the  U.S.S.R.  (Hodgkins,  1961,  p  6). 

reasonably  be  inferred  to  exist.  The  results  of  these  studies  were  presented  to 
the  Committee  on  Resources  and  Man  during  its  meeting  in  Vancouver. 
15-17  September  1967,  and  have  since  been  published  (Averitt,  1969)  by  the 
U.S.  Geological  Survey. 

Averitt's  current  estimates,  by  continents,  of  the  original  coal  in  place  are 
given  in  Table  8.6.  In  this  case,  the  depth  has  been  extended  to  4.000  feet 
(1,200  meters),  and  in  some  cases  to  6,000  feet  (1,800  meters).  Also  the 
minimum  thickness  of  seams  considered  has  been  reduced  to  12  inches 
(0.3  meters).  He  pointed  out,  however,  that  the  amount  of  coal  added  for  the 
additional  depth  of  4,000-6,000  feet  is  small  compared  with  that  between 
0  and  4,000  feet.  In  the  United  States,  the  coal  in  the  4,000-6.000-foot 
interval  amounts  only  to  about  10  percent  of  the  total. 

The  data  in  Table  8.6  are  expressed  in  short  tons,  and  no  breakdown  by 
countries  is  given.  However,  in  the  footnote  the  Soviet  Union  is  credited 
with  9,500  X  10"  short  tons,  or  8,600  x  10"  metric  tons.  In  a  separate 
detailed  table,  the  original  coal  resources  of  the  United  States  were  given  as 
3,275  X  10"  short  tons,  or  2,971  x  10"  metric  tons.  From  these  data,  the 
initial  quantities  of  minable  coal,  taken  as  50  percent  of  the  coal  present; 
have  been  computed  by  continents,  and  expressed  in  metric  units,  with 
separate  estimates  for  the  United  States  and  the  Soviet  Union  included. 
The  results  are  shown  graphically  in  Figure  8.24. 

According  to  these  estimates,  about  65  percent  of  the  world's  initial 
coal  resources  were  in  Asia  (including  the  European  part  of  the  Soviet 
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Union),  about  27  percent  in  North  America,  less  than  5  percent  in  Western 
Europe,  and  less  than  3  percent  in  Africa.  .South  and  Central  Americas,  and 
Oceania  (which  includes  Australia)  combined.  I'rom  these  data,  it  iscviilenl 
that  the  world's  coal  resources  are  not  uniformly  distributed. 

World  and  United  .Slates  production  of  coal  and  lignite  have  already 
been  shown  (Figures  8.1  and  8.4).  Now,  using  Averitl's  estimates  of  the 
ultimate  amounts  of  minable  coal  for  both  the  world  and  the  United  States, 
in  conjunction  with  the  principle  that  the  area  under  the  curves  must  not 
exceed  those  corresponding  to  the  amounts  of  coal  initially  present,  we  can 
gain  a  reasonably  reliable  impression  of  the  future  possibilities  in  coal 
production.  For  world  production,  this  is  shown  in  Figure  8.25,  using  for 
the  ultimate  cumulative  production  Q^,  Averitt's  estimate  of  7.6  x  10'^ 
metric  tons,  and  also  a  smaller  figure  of  4.3  x  10'^,  which  is  approximately 
the  amount  of  coal  established  by  mapping. 

For  the  larger  value  for  Q^  of  7.6  x  10'^  metric  tons,  should  the  annual 
production  rate  double  only  three  more  times  to  a  maximum  rate  of  eight 
times  that  of  the  present,  the  date  of  this  peak  rate  would  occur  about  170 
to  200  years  hence.  Should  the  maximum  rate  be  higher  than  this,  the  peak 
date  would  occur  sooner;  should  it  be  lower,  later.  For  the  smaller  value  for 
Q^  of  4.3  X  10'^  metric  tons,  the  curve  is  drawn  for  a  sixfold  increase  in 
the  production  rate  over  that  of  the  present.  In  this  case,  the  peak  rate  would 
occur  somewhat  earlier,  or  about  140  years  hence. 

Corresponding  graphs  of  future  coal  production  in  the  United  States  are 
shown  in  Figure  8.26  for  two  values  o(  Q^.  The  larger  figure  of  1,486  x  10^ 
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FIGURE  8.24 

Estimates  of  world  resources  of  minable  coal  and  lignite.  (Data  from  Averitt,  1969.) 
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FIGURE  8.25 

Complete  cycles  of  world  coal  production  for  two  values  of  Q,  . 

metric  tons  represents  minablecoal  based  on  Averitt's  recent  estimate  of  the 
initial  U.S.  coal  resources.  The  smaller  figure  of  740  x  10^  metric  tons  is 
approximately  the  amount  of  coal  determined  by  mapping.  For  the  higher- 
rate  curve,  the  assumed  maximum  production  rate  represents  an  eightfold 
increase  over  the  present  rate,  or  three  future  doublings.  The  smaller-rate 
curve  assumes  a  fivefold  increase  in  the  rate  of  production.  The  peak 
production  rates  for  these  two  curves  would  occur  at  about  the  years  2220 
and  2170,  respectively. 
As  was  true  for  petroleum,  the  significant  question  about  coal  is  not  how 
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Complete  cycles  of  United  States  coal  production  for  two  values  of  Q, 
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long  it  will  last,  bul  raihcr.  over  what  period  of  lime  can  it  serve  as  a  major 
source  of  industrial  energy?  In  answer  to  this,  we  may  eliminate  the  long 
periods  of  time  at  relatively  low  rates  of  production  required  to  produce  the 
first  and  last  10-percentiles  of  the  ultimate  cumulative  production  Q ,,  and 
consider  only  the  time  span  required  to  consume  the  middle  80  percent.  For 
the  world,  using  the  higher  value  for  Q^  of  7.6  x  10'^  metric  tons,  the  time 
required  for  the  middle  80  percent,  as  determined  from  Figure  8.25,  would 
be  approximately  the  340-year  period  from  the  year  2040  to  2380.  For  the 
United  States,  using  the  larger  figure  for  Q^  of  about  1.49  x  10'^  metric 
tons,  the  time  required  to  consume  the  middle  80  percent,  as  determined 
from  Figure  8.26.  would  be  approximately  the  400-ycar  period  from  about 
the  year  2040  to  2440. 

These  figures,  of  course,  are  only  approximate,  but  they  do  indicate  the 
expectable  order  of  magnitude  of  the  length  of  time  during  which  coal  could 
serve  as  a  major  source  of  energy  for  the  nation  and  the  world.  In  both 
cases,  should  the  smaller  values  of  Q^  shown  by  the  lower  curves  in  Figures 
8.25  and  8.26  be  used,  or  should  the  peak  rates  of  production  \x  higher 
than  those  shown,  the  time  would  be  correspondingly  shortened. 


CONCLUSIONS  CONCERNING  THE  FOSSIL  FUELS 

For  the  purpose  of  the  present  study,  the  principal  result  of  the  foregoing 
estimates  of  the  approximate  magnitudes  of  both  the  United  States'  and  the 
world's  supply  oi  the  fossil  fuels  are  the  following: 

If  these  substances  continue  to  be  used  principally  for  their  energy 
contents,  and  if  they  continue  to  supply  the  bulk  of  the  world's  energy 
requirements,  the  time  required  to  exhaust  the  middle  80  percent  of  the 
ultimate  resources  of  the  members  of  the  petroleum  family— crude  oil, 
natural  gas,  and  natural-gas  liquids,  tar-sand  oil,  and  shale  oil  — will  probably 
be  only  about  a  century. 

Under  similar  conditions,  the  time  required  to  exhaust  the  middle  80  per- 
cent of  the  world's  coal  resources  would  be  about  300  to  400  years  (but 
only  100  to  200  years  if  coal  is  used  as  the  main  energy  source). 

To  appreciate  the  bearing  of  these  conclusions  on  the  long-range  outlook 
for  human  institutions,  the  historical  epoch  of  the  exploitation  of  the  world's 
supply  of  fossil  fuels  is  shown  graphically  in  Figure  8.27,  where  the  rate  of 
production  of  the  fossil  fuels  as  a  function  of  time  is  plotted  on  a  time  scale 
extending  from  5,000  years  ago  to  5,000  years  in  the  future— a  period  well 
within  the  prospective  span  of  human  history.  On  such  a  time  scale,  it  is  seen 
that  the  epoch  of  the  fossil  fuels  can  only  be  a  transitory  and  ephemeral 
event— an  event^nonetheless,  which  has  exercised  the  most  drastic  influence 
experienced  by  the  human  species  during  its  entire  biological  history. 


704 


-2-10  I  2  3 

Time -Before  ond  After  Ihe  Present  (lO'  Yeors) 

FIGURE  8.27 

Epoch  of  exploitation  of  fossil  fuels  in  historical  perspective  from  minus  to  plus 
5,000  years  from  present.  (From  Hubbert,  1962,  Figure  54,  p.  91.) 


OTHER  SOURCES  OF  ENERGY 

In  view  of  the  exhaustibility  and  comparatively  short  time  span  for  the 
duration  of  the  fossil  fuels,  if  the  world's  state  of  industrialization  is  to 
survive  the  decline  of  fossil  fuels,  other  sources  of  energy  and  power  of 
comparable  magnitude  must  be  found.  Possible  sources  will  now  be  reviewed 
with  this  requirement  in  mind. 


Solar  Energy 

The  first  and  most  obvious  of  possible  large  energy  sources  is  solar  radiation, 
which  is  extensively  discussed  by  Farrington  Daniels  (1964)  in  his  excellent 
book.  Direct  Use  of  (he  Sun 's  Energy.  In  magnitude,  the  thermal  solar  power 
per  square  centimeter  at  the  mean  distance  of  the  earth  from  the  sun  amounts, 
outside  the  earth's  atmosphere,  to  0.139  watts/cm"^,  and  the  thermal  power 
intercepted  by  the  earth's  diametral  plane  is  17.7  x  10'^  watts,  which  is 
about  a  hundred-thousand  times  larger  than  the  world's  present  installed 
electric-power  capacity.  Hence,  solar  power  is  of  adequate  magnitude.  It 
also  has  the  virtue  of  remaining  nearly  constant  over  time  periods  of  millions 
of  years— much  longer  than  the  probable  duration  of  the  human  species. 
Solar  radiation  is  also  the  energy  source,  through  the  mechanism  of  photo- 
synthesis, for  the  entire  biological  system. 

As  Daniels  discusses  in  detail,  many  practical  nonbiological  uses  can  be 
made  of  solar  energy  on  a  small  scale.  These  include  such  uses  as  water  and 
house  heating,  air  conditioning,  distillation,  solar  furnaces,  solar  cookery, 
and  numerous  thermoelectric,  photoelectric,  and  other  means  of  electrical 
conversion  or  storage  of  solar  energy.  However,  our  principal  concern  at 
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present  is  with  the  question  of  whether  it  is  hkely  that  our  requirements 
for  large-scale  electrical  power,  now  supplied  by  the  fossil  fuels  and  water 
power,  could  be  met  by  means  of  solar  power.  In  particular,  since  modern 
power  stations  fall  largely  in  the  range  of  100  to  1,000  megawatts  each, 
what  is  the  likelihood  of  building  solar  power  plants  of  such  magnitudes? 
Consider,  in  particular,  a  solar-clcctric  power  plant  of  1,000  electric 
megawatts  capacity.  With  a  conversion  factor  from  solar  power  to  electrical 
power  of  10  percent,  such  a  plant  would  require  a  solar  power  input  of 
10.000  megawatts,  or  10'"  thermal  watts.  According  to  Daniels  (1964, 
Table  1.  p.  22).  the  average  solar  power  at  the  earth's  surface  amounts  to 
about  500  cal/cm^  day.  This,  when  averaged  over  a  full  day,  gives  an  average 
solar  power  input  of  about  2.4  x  10"^  watts/cm^.  Then,  the  area  of  the 
earth's  surface  required  to  collect  10'°  watts  of  solar  power  would  be 

10'°  watts  (2.4  X  10"^  watts/cm^)  =  42  x  10'°cm^ 

which  would  be  42  km^,  or  a  square  area  of  6.5  km  per  side. 

There  is  no  question  that  it  is  physically  possible  to  cover  such  an  area 
with  energy-collecting  devices,  and  to  transmit,  store,  and  ultimately 
transform  the  energy  so  collected  into  conventional  electric  power.  How- 
ever, the  complexity  of  such  a  process,  and  its  cost  in  terms  of  the  metals 
and  physical,  chemical,  and  electrical  equipment  required,  in  comparison 
with  the  requirements  for  present  thermoelectric  or  hydroelectric  equipment 
of  the  same  capacity,  renders  such  an  undertaking  to  be  of  questionable 
practicability. 

At  present,  therefore,  the  principal  uses  of  solar  energy,  in  addition  to 
the  natural  processes  of  photosynthesis  and  the  maintenance  of  the  atmo- 
spheric, hydrologic,  and  oceanic  circulations,  appear  to  be  small-scale, 
special-purpose  uses. 

Water  Power 

Water  power  represents  the  largest  concentration  of  solar  power  that  is 
produced  by  any  natural  process,  and  five  hydroelectric  plants  already  exist 
in  the  United  States  with  power  capacities  exceeding  1,000  megawatts 
each.  The  history  of  the  use  of  water  power  dates  from  Roman  times,  and, 
in  the  United  States,  water  power  has  been  extensively  employed  for  the 
driving  of  grist  mills,  saw  mills,  textile  mills,  and  other  manufacturing 
establishments  during  the  eighteenth  and  nineteenth  centuries.  However, 
because  of  the  difficulties  inherent  in  power  transmission  by  mechanical 
devices,  such  plants  rarely  exceeded  a  few  hundred  kilowatts  in  power 
capacity. 

It  was  not  until  the  development  of  electrical-power  transmission  at  about 
the  beginning  of  the  present  century  that  large-scale  generation  and  trans- 
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United  States  installed  and  potential  water-power  capacity. 

mission  of  water  power  became  possible.  Since  that  time,  the  installation  of 
hydroelectric  power  capacity  in  the  United  States  has  followed  the  customary 
growth  curve  shown  in  Figure  8.28.  Installed  capacity  at  present  amounts 
to  about  45,000  megawatts.  As  to  the  future,  there  is  a  fairly  definitely 
determined  ultimate  maximum  power  capacity,  P,,  which  for  the  United 
States  is  given  by  the  Federal  Power  Commission  to  be  about  161.000 
megawatts.  This  is  determined  from  the  stream-flow  records  for  the  whole 
country  which  have  been  recorded  for  many  years  by  the  U.S.  Geological 
Survey. 

The  Geological  Survey  has  also  made  estimates  from  time  to  time  of  the 
potential  water-power  capacities  of  the  various  continents  for  the  world 
as  a  whole. 

Table  8.7,  prepared  from  a  summary  by  Francis  L.  Adams  (Hubbert, 
1962,  p.  99),  of  the  Federal  Power  Commission,  utilizing  basic  U.S. 
Geological  Survey  data,  gives  the  potential  water-power  capacities  of  the 
world  by  principal  regions.  The  total  world  capacity  is  given  as  2,857,000 
megawatts.  Of  this,  it  is  significant  that  the  continents  of  Africa  and  South 
America,  both  of  which  are  deficient  in  coal,  have  the  highest  potential 
water-power  capacities  of  all  the  continents— 780,000  megawatts  for  Africa 
and'  577,000  for  South  America. 

By  1964,  the  installed  water-power  capacity  of  the  world  amounted  to 
210,000  megawatts  (U.S.  Federal  Power  Commission,  1966,  Table  5.  p.  7), 
which  is  only  about  7.5  percent  of  its  potential  capacity.  The  total  installed 
electrical-power  capacity  of  the  world  amounted  at  the  same  time  to  734,000 
megawatts.  Hence,  the  total  potential  water-power  capacity  of  the  world 
is  still  about  four  limes  as  large  as  total  installed  electric-power  capacity. 
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It  thus  appears  that  if  the  world's  potential  conventional  water-power 
capacity  were  fully  developed  it  would  be  of  a  magnitude  comparable  to 
the  world's  total  present  rate  of  energy  consumption.  From  this,  it  might 
be  inferred  that  without  the  present  supply  o['  fossil  fuels,  the  world  could 
continue  at  an  industrial  level  comparable  to  that  of  the  present  on  water- 
power  alone.  OlVsetting  such  an  expectation  are  two  contrary  considerations. 
The  first  is  the  aesthetic  one  of  whether  the  people  of  the  world  wish  to 
sacrifice  some  of  their  most  beautiful  natural  scenery  in  order  to  develop 
fully  the  associated  water  power.  The  second  concerns  the  fact  that  in  all 
reservoirs  formed  by  dammed  streams,  the  streams  are  continuously 
depositing  their  loads  of  sediments,  so  that  in  periods  of  a  century  or  two 
most  man-made  reservoirs  are  due  to  become  completely  filled  by  such 
sediments.  This  problem  has  not  been  satisfactorily  solved,  and  may  never 
be.  Hence,  although  the  stream  rates  of  discharge  may  remain  relatively 
stable  for  millenia.  most  water-power  sites  may  have  periods  of  maximum 
usefulness  measured  by  a  century  or  two.  It  is  accordingly  questionable  to 
what  extent  the  world  may  be  able  to  depend  upon  water  power  as  a  sub- 
stitute for  the  depleted  fossil  fuels. 

Tidal  Power 

Another  source  of  power  having  a  longevity  measurable  in  geologic  time 
is  tidal  power.  Tidal  power  is  similar  in  all  essential  respects  to  hydroelectric 
power  except  that,  whereas  hydroelectric  power  is  obtained  from  the 
energy  of  unidirectional  streamflow,  tidal-electric  power  is  obtained  from 

TABLE  8.7 

World  water-power  capacity. 


Region 

Potential 
(103  Mw) 

Percent 
of  total 

Development 
(103  Mw) 

Percent 
developed 

North  America 

313 

11 

59 

19 

South  America 

577 

20 

5 

Western  Europe 

158 

6 

47 

30 

Africa 

780 

27 

2 

Middle  East 

.        21 

1 

Southeast  Asia 

455 

16 

2 

Far  East 

42 

1 

19 

Australasia 

45 

2 

2 

USSR..  China 
and  satellites 

466 

16 

16 

3 

Total 

2,857 

100 

152 

Source:  M.  King  Hubbert.  1962.  Table  8,  p.  99,  computed  from  data  summarized  by  Francis  L. 
Adams,  1961. 
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the  oscillatory  flow  of  water  in  the  fiMing  and  emptying  of  partially  enclosed 
coastal  basins  during  the  semi-diurnal  rise  and  fall  of  the  oceanic  tides. 
This  energy  may  be  partially  converted  into  tidal-electric  power  by  enclosing 
such  basins  with  dams  to  create  a  difference  in  water  level  between  the  ocean 
and  the  basin,  and  then  using  the  waterflow  while  the  basin  is  filling  or  empty- 
ing to  drive  hydraulic  turbines  propelling  electric  generators. 

In  order  to  obtain  a  quantitative  evaluation  of  the  amount  of  tidal  energy 
potentially  obtainable  from  a  given  basin,  it  is  useful  to  determine  the 
maximum  amount  of  energy  that  can  be  dissipated  into  heat  during  one 
complete  tidal  cycle.  This  is  the  amount  of  energy  that  would  be  dissipated 
if  the  dam  gates  were  closed  at  low  tide  when  the  water  in  the  basin  is  at  its 
lowest  level,  and  then  opened  wide  allowing  the  basin  to  fill  at  the  crest  of 
the  tide;  and,  in  a  similar  manner,  by  closing  the  gates  when  the  basin  is 
filled  at  high  tide,  and  then  allowing  the  basin  to  empty  at  low  tide. 

This  maximum  possible  amount  of  energy  dissipated  during  one  tidal 

cycle  is  given  by 

^„,„  =  PgR'S,  (7) 

where  p  is  the  density  of  sea  water,  g  the  acceleration  of  gravity,  R  the  tidal 
range,  and  S  the  surface  area  of  the  basin.  When  all  of  the  quantities  to  the 
right  in  equation  (7)  are  in  meter-kilogram-second  units,  the  energy  will  be 
in  joules. 

The  maximum  possible  average  power  obtainable  from  such  a  basin 
would  be  obtained  if  all  of  the  energy  £„,,  in  equation  (7)  were  converted 
into  electrical  energy.  This  maximum  average  power  would  then  be  given  by 

F^ij^^pi^,  (8) 

where  T  is  the  half  period  of  the  synodical  lunar  day.  This  is  12  hours  and 
24.4  minutes,  or  4.46  x  10*  seconds.  When  T  is  in  seconds,  P  will  be  ex- 
pressed in  joules/second,  or  watts. 

The  actual  energy  and  power  obtainable  by  means  of  turbines  and  electrical 
generators  from  such  a  basin  can  be  only  a  fraction  of  the  quantities  given 
in  equations  (7)  and  (8).  In  engineering  design  computations  for  various 
tidal-power  projects,  the  amounts  of  energy  and  power  producible  are 
commonly  within  the  range  of  8-20  percent  of  these  maximum  amounts, 
although  in  one  instance,  that  of  la  Ranee  in  France,  the  realizable  power 
approaches  25  percent. 

The  source  of  tidal  energy  is  the  combined  kinetic  and  potential  energy 
of  the  earth-moon-sun  system.  Hence,  as  this  energy  is  dissipated  on  the 
earth,  equivalent  changes  must  occur  in  the  rotational  energy  of  the  earth, 
and  in  the  orbital  motions  of  the  moon  about  the  earth  and  of  the  earth 
about  the  sun.  These  motional  changes,  which  have  been  observed  astro- 
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nomically  over  a  period  of  about  three  centuries,  indicate  that  the  day  is 
lengthening  by  about  0.001  second  per  century  with  a  corresponding 
decrease  in  the  earth's  rotational  velocity.  From  such  astronomical  data, 
Munk  and  MacDonald  (1960,  p.  219)  have  recently  estimated  that  the  rate 
of  tidal  dissipation  of  energy  on  the  earth  is  about  3  x  10'^  watts. 

A  considerable  fraction  of  this  dissipation  occurs  in  the  oceans,  especially 
in  the  shallow  seas.  bays,  and  estuaries,  where  the  tidal  ranges  and  tidal 
currents,  because  of  inertial  effects,  become  much  greater  than  those  in  the 
open  oceans.  The  oceanic  tides,  as  measured  on  islands  in  the  open  oceans, 
have  ranges  commonly  of  less  than  a  meter,  whereas  those  in  bays  and 
estuaries  have  ranges,  as  shown  in  Table  8.8,  from  1  to  more  than  10  meters. 

A  method  of  estimating  the  amount  of  energy  dissipated  by  tides  in  shallow 
seas  was  developed  in  1919  by  G.  I.  Taylor  and  applied  to  the  Irish  Sea. 
The  following  year,  this  method  was  extended  by  Harold  Jeffreys  (1920; 
1959,  p.  241-245)  to  most  of  the  shallow  seas  of  the  earth  for  which  he 
estimated  a  rate  of  energy  dissipation  at  spring  tides  of  about  22  x  10" 
watts,  of  which  15  x  10"  watts,  or  two-thirds  of  the  total  was  accounted 
for  by  the  Bering  Sea  alone. 

Recently,  using  oceanographic  data  subsequently  acquired,  Munk  and 
MacDonald  (1960.  p.  209-221)  have  re-estimated  the  energy  dissipation 
in  shallow  seas.  They  obtained  an  average  rate  of.  at  most,  10'^  watts,  which 
is  slightly  less  than  the  1.1  x  10'^  watts  obtained  when  Jeffrey's  rate  for 
spring  tides  is  reduced  by  a  factor  of  0.5  to  give  an  average  rate.  Munk 
and  MacDonald  obtained  a  drastic  reduction  of  Jeffrey's  estimate  for  the 
Bering  Sea  from  75  x  10*°  (^  of  15  x  10")  to  only  2.4  x  10'"  watts. 

The  significance  of  these  estimates  is  that  they  establish  a  limit  to  the 
maximum  amount  of  power  that  could  possibly  be  developed  from  tidal 
sources.  In  Table  8.8,  which  is  based  on  data  compiled  by  Trenholm  (1961) 
and  by  Bernshtein  (1965),  a  summary  is  given  of  the  average  tidal  ranges 
and  basin  areas  for  most  of  the  more  promising  tidal-energy  localities  of  the 
world.  In  addition,  the  average  potential  power,  and  maximum  energy 
dissipation  per  year,  as  computed  from  equations  (7)  and  (8),  are  given  for 
each  locality.  The  total  maximum  rate  of  energy  dissipation  for  these  localities 
amounts  to  6.4  x  10'°  watts,  or  64,000  megawatts.  This  is  about  6  percent 
of  the  Munk  and  MacDonald  estimate  of  a  dissipation  rate  of  lO''^  watts 
for  all  of  the  shallow  seas.  If  we  make  a  liberal  allowance  of  20  percent  for 
the  actual  average  power  recoverable  at  each  of  these  sites,  we  obtain  a 
result  of  about  13  x  10^  watts,  or  13,000  megawatts  as  the  approximate 
magnitude  of  the  average  value  of  the  world's  potential  tidal-electric  power. 
Comparing  this  with  the  estimate  of  the  world's  potential  water  power  of 
about  2,900,000  megawatts  given  in  Table  8.7,  it  will  be  seen  that  the  world's 
potential  tidal  power  amounts  to  less  than  1  percent  of  its  potential  water 
power. 
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Although  small  tidal  mills  for  the  grinding  of  grain  and  similar  purposes 
have  been  used  since  about  the  twelfth  century,  it  is  only  within  recent  decades 
that  tidal-electric  installations  have  been  given  serious  engineering  con- 
sideration, and  only  within  the  last  three  years  actually  brought  into 
operation. 

One  of  the  best  known  of  such  projects  has  been  that  of  Passamaquoddy 
Bay  on  the  United  States-Canadian  boundary  off  the  Bay  of  Fundy.  This 
bay  has  an  area  of  262  km^  and  an  average  tidal  range  of  5.52  meters,  with  a 
maximum  potential  average  power  (Table  8.8)  of  1,800  megawatts.  Plans 
were  drafted  for  such  a  project  during  the  early  1930"s  and  construction 
was  actually  started  before  the  project  was  Hnally  killed  by  lack  of  Congres- 
sional appropriation.  In  1948,  interest  in  a  Passamaquoddy  Tidal  Power 
Project  was  revived  and  a  new  engineering  study  was  authorized  by  the 
United  States  and  Canadian  governments.  This  involved  the  establishment 
of  an  International  Joint  Commission  and  The  International  Passamaquoddy 
Engineering  Board  to  study  and  draw  engineering  plans  for  such  a  project. 

The  Engineering  Board,  in  its  report  of  1959,  recommended  a  two-pool 
project  involving  both  Passamaquoddy  and  Cobscook  Bays,  but  with  the 
power  obtained  solely  from  Passamaquoddy  Bay  during  its  emptying  phase. 
This  would  have  a  power  plant  consisting  of  30  unidirectional  turbogenerator 
units  of  10,000  kw  capacity  each,  or  a  total  installed  capacity  of  300.000  kw, 
with  an  annual  energy  production  of  1,843  x  10^  kwh.  Comparing  the 
latter  figure  with  that  of  1 5.800  x  1 0^  kwh  given  in  Table  8.8  as  the  maximum 
energy  obtainable  annually  indicates  that  the  proposed  system  would 
utilize  but  1 1.8  percent  of  the  energy  potentially  available. 

After  studying  this  report,  the  International  Joint  Commission  concluded 
that  the  project  would  be  economically  infeasible.  In  response.  President 
John  P.  Kennedy,  by  letter  of  20  May.  1961,  requested  the  Department  of 
the  Interior  to  restudy  the  project  and  propose  modifications.  This  resulted 
in  a  recommendation  (Udall,  1963)  that  the  power  capacity  be  increased 
from  300,000  to  !  million  kw  in  order  to  deliver  most  of  the  power  during 
the  brief  period  of  peak  demand.  It  also  involved  a  slight  reduction  from 
1,843  X  10^  to  1,318  X  10^  kwh  in  the  annual  energy  production. 

This  was  recommended  to  the  President  for  authorization,  but  as  yet  no 
authorization  has  been  obtained. 

For  the  installation  of  the  world's  first  major  tidal-electric  plant,  that  of  la 
Ranee  estuary  which  began  operation  in  1966  {Enguiecring,  July  1966, 
pp.  1 7-24),  honor  is  due  to  France.  Here,  the  average  tidal  range  is  8.4  meters, 
and  the  power  plant  is  in  a  dam  enclosing  an  area  of  22  km^.  The  power 
plant  comprises  24  units  of  10,000  kw  capacity  each,  and  the  annual  produc- 
tion of  energy  was  estimated  to  be  544  x  10^  kwh,  which  amounts  to  about 
18  percent  of  the  total  energy  available  (Table  8.8).  If  the  capacity  is  in- 
creased, as  planned,  to  320,000  kw,  this  would  increase  the  power  utilization 
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to  about  24  percent  of  that  potentially  obtainable.  This  high  figure  has  been 
made  possible  by  the  use  of  turbines  of  an  advanced  design.  These  are 
horizontal,  axial-tlow  turbines  with  adjustable  blades  permitting  operation 
during  both  the  filling  and  the  emptying  of  the  basin,  and  also  their  use  as 
pumps. 

The  most  recent  tidal-electric  project  to  go  into  operation,  as  reported 
by  The  AVu-  York  Times  on  30  December  1968,  is  a  small  Russian  experi- 
mental station  in  the  Kislaya  Inlet  on  the  Coast  of  the  Barents  Sea,  80 
kilometers  northwest  of  Murmansk.  This  consists  of  a  single  unit  driven 
by  a  400-kilowatt  turbine  of  French  manufacture.  A  second  unit  is  to  be 
installed  later,  bringing  the  total  power  capacity  to  800  kw. 

According  to  the  same  article,  a  much  larger  320.000-kilowatt  plant  is 
planned  for  the  Lombovska  River  (Lumbovskii  Bay.  Table  8.8)  on  the 
northeast  coast  of  the  Kola  Peninsula,  and  a  14-million-kilowatt  plant  for 
the  Mezen  Bay  on  the  east  side  of  the  mouth  of  the  White  Sea.  Since  the 
stated  capacities  of  these  two  plants  are  both  larger  than  the  maximum 
potential  average  power  obtained  from  the  Bernshiein  data  in  Table  8.8, 
either  the  figures  are  exaggerated,  or  else  it  is  now  planned  to  enclose  larger 
basins  than  those  given  by  Bernshtein  (1965,  Table  5-5,  p.  173). 

In  summary,  it  may  be  said  that  although  the  world's  potential  tidal 
power,  if  fully  developed,  would  amount  only  to  the  order  of  1  percent  of 
its  potential  water  power,  and  to  an  even  smaller  fraction  of  the  world's 
power  needs,  it  nevertheless  is  capable  in  favorable  localities  of  being 
developed  in  very  large  units.  It  has  the  additional  advantage  of  producing 
no  noxious  wastes,  of  consuming  no  exhaustible  energy  resources,  and  of 
producing  a  minimum  disturbance  to  the  ecologic  and  scenic  environment. 
There  are  accordingly  many  social  advantages  and  few  disadvantages  to 
the  utilization  of  tidal  power  wherever  tidal  and  topographical  factors 
combine  to  make  this  practicable. 

Geothermal  Energy 

One  of  the  energy  inputs  into  the  earth's  surface  environment  consists  of 
the  heat  conducted  from  the  earth's  interior  as  a  result  of  the  increasing 
temperature  with  depth;  another  consists  of  the  heat  convected  to  the  sur-  • 
face  by  volcanoes  and  hot  springs.  In  special  geological  situations  in  volcanic 
areas,  underground  water  is  trapped  in  porous  or  fractured  rocks  and 
becomes  superheated  from  volcanic  heat.  Wells  drilled  into  such  reservoirs 
of  superheated  water  or  steam  permit  the  steam  to  be  conducted  to  the 
surface  where  it  can  be  used  as  an  energy  source  for  a  conventional  steam- 
electric  power  plant. 

It  is  only  within  recent  decades  that  large  geothermal-electric  power 
plants  have  been  built  (Table  8.9).  The  earliest  utilization  of  geothermal 
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TABLE  8.9 

Developed  and  planned  geothermal-electric  power  installations. 


Installed 

Planned 

Total  capacity 

capacity 

additional 

by  early 

Date  of 

1969 

capacity 

1970's 

earliest 

Country  and  locality 

(megawatts) 

(megawatts) 

(megawatts) 

installation 

Italy* 

Larderello 

370 

370 

1904 

Monte  Amiata 

19 

19 

.  ca  1 962 

Total 

389 

389 

United  States" 

The  Geysers,  California 

82 

100 

182 

1960 

New  Zealand" 

Wairakei 

290 

290 

Nov.  1958 

Mexico* 

Path6 

3.5 

3.5 

ca  1 958 

Cerro  Prieto  (Mexicali) 

75 

75 

ca  1971 

Total 

3.5 

75 

78.5 

Japan  "'^ 
Matsukawa 

20 

40 

60 

Oct.  1966 

Otake 

13 

47 

60 

Aug.  1967 

Goshogate 

10 

10 

Total 

33 

97 

130 

Iceland  "* 
Hveragerdi 

(Geothermal 
energy  for 
house  and 

greenhouse 
heating) 

17 

17 

1960 

U.S.S.R.* 

Kamchatka 

Pauzhetsk 

5 

7.5 

12.5 

1966 

Paratunka 

0.75 

0.75 

1968 

Bolshiye  Bannyye 

25 

25 

1968 

Total 

30.75 

7.5 

38.25 

Grand  Total 

828.25 

296.5 

1,124.75 

Sources:  'Facca  and  Ten  Dsm,  1964.  "Donald  E.  White,  U.S  Geological  Survey,  June  1969. 
personal  communication.  <^ Julian  W.  Feiss,  1968.  personal  communication.  "Icelandic  Embassy, 
Washington,  D.C..  July  1969.  "Donald  C.  Alverson,  Foreign  Geology  Branch,  U.S.  Geological  Survey, 
July  1969,  personal  communication. 

energy  for  power  was  at  Larderello,  in  the  Tuscany  province  of  Italy,  in 
1904.  The  capacity  of  power  plants  in  this  locality  has  been  increased  to 
about  370  megawatts  as  of  1969.  Recently  two  new  thermal  fields  in  the 
Monte  Amiata  region  about  70  kilometers  southeast  of  Larderello  have 
been  discovered,  and  smaller  power  plants  installed.  The  Bagnore  field 
has  two  generators  of  7  Mw  each,  and  the  Piancastagnaio  field,  one  station 
of  5  Mw.  This  gives  a  total  geothermal  power  capacity  for  Italy  of  just 
under  400  Mw. 

After  Italy,  the  largest  development  of  geothermal  power  is  at  Wairakei, 
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New  Zealand.  There,  drilling  for  steam  was  begun  about  1950  and  the  first 
power  plant  began  operation  in  November  1958.  The  plant  has  been 
expanded  to  a  capacity  of  290  Mw  in  1969. 

The  third  largest  project  is  in  the  United  States  at  The  Geysers  in  northern 
California.  Here,  power  production  began  in  I960  with  a  12.5  Mw  unit. 
The  plant  capacity  has  been  expanded  to  82  Mw  and  an  additional  capacity 
of  100  Mw  is  planned  for  the  near  future. 

In  Japan,  geothermal-power  production  was  begun  at  Matsukawa  in 
1966  and  at  Otake  in  1967.  The  total  1969  capacity  of  these  two  plants  is 
20  Mw  and  13  Mw.  respectively,  with  planned  increases  to  60  Mw  each. 
These,  plus  a  planned  10  Mw  plant  at  Goshogate,  will  give  Japan  a  total 
capacity  of  130  Mw  by  the  early  1970's. 

Mexico  now  operates  a  small  pilot  plant  of  3.5  Mw  capacity  at  Pathe, 
about  200  kilometers  north  of  Mexico  City.  A  much  larger  thermal  field 
has  been  drilled  at  Cerro  Prieto,  in  Baja  California,  about  25  kilometers 
southeast  of  Mexicali  on  an  extension  of  the  San  Andreas  fault  system. 
Two  of  the  wells  in  this  field  are  said  to  have  the  largest  steam  production 
of  any  in  the  world.  Two  power  units  of  37.5  Mw  each  are  due  to  begin 
operation  in  1970  or  1971. 

Iceland  has  large  geothermal  fields.  The  steam  from  one  of  these  is  used 
for  space  heating  of  almost  the  entire  town  of  Hveragerdi.  and  for  large 
greenhouses  nearby.  No  geothermal-electric  power  is  yet  produced  (1  July 
1969).  but  a  plant  of  17  Mw  capacity  at  Hveragerdi  is  expected  to  begin 
operation  before  the  end  of  1969. 

In  the  Soviet  Union,  the  only  geothermal  power  produced  is  at  three 
small  plants  in  Kamchatka  (Pauzhetsk,  Paratunka,  and  Bolshiye  Bannyye) 
with  a  total  present  capacity  of  30.75  Mw  and  a  planned  increase  to 
38.25  Mw. 

The  relevant  data  are  summarized  in  Table  8.9,  according  to  which  the 
present  installed  geothermal-electric  power  capacity  of  the  world  amounts 
to  828  Mw  with  planned  increases  to  1,125  Mw  by  1971-72.  With  regard  to 
the  ultimate  world  capacity  of  geothermal  power,  only  an  order-of- 
magnitudc  figure  can  be  given.  Basic  information  on  geothermal  installations 
and  estimated  potential  power  capacities  of  various  countries  is  summarized 
by  Baldwin  and  McNair  (1967).  By  far  the  most  comprehensive  compilation 
on  thermal  springs,  however,  is  that  by  Waring,  Blankenship.  and  Bentall 
(1965).  who  give  basic  geologic  data  on  flow  rates  and  temperatures  but  do 
not  interpret  the  data  in  terms  of  potential  geothermal  power. 

A  better  appraisal  of  the  quality  of  energy  involved  is  given  by  Donald  E. 
White  (1965).  For  most  of  the  better-known  geothermal  areas  of  the  world. 
White  has  estimated  the  rate  at  which  heat  is  discharged  to  the  surface  of  the 
earth,  and  has  also  estimated  the  amount  of  stored  heat  above  surface 
temperatures  to  depths  of  3  kilometers  and  10  kilometers.  From  the  areas 
studied,  he  estimates  that  the  world's  total  natural  heat  flow  from  all  hydro- 
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thermal  areas  is  of  the  order  of  3  x  10'*'  cal/scc,  or  about  1.3  x  10" 
thermal  watts.  He  also  estimates  that  the  total  stored  heat  of  all  hydrothermal 
systems  to  a  depth  of  3  kilometers  amounts  to  2  x  10^'  cal  (8  x  10'' 
thermal  joules),  while  to  a  depth  of  10  kilometers  it  amounts  to  I  x  10^^ 
cal  (4  X  10^^  thermal  joules).  Of  the  world's  hydrothermal  energy.  White 
estimates  that  about  5-10  percent  occurs  in  the  United  States,  mainly  in 
the  western  states. 

To  obtain  an  order  of  magnitude  for  geothermal  power.  White  assumes 
that  about  1  percent  of  the  hydrothermal  energy  can  be  converted  into 
electrical  energy.  For  the  depth  of  10  kilometers,  1  percent  of  the  estimated 
thermal  energy  would  be  I  x  10^''  cal,  or  4  x  10^^  thermal  joules.  For  a 
0.25  conversion  factor,  this  would  represent  1  x  10^°  joules  of  electrical 
energy,  or  about  3x10^  Mw-yrs.  Then,  if  this  amount  of  energy  were  to 
be  withdrawn  during  a  period  of  50  years,  the  average  annual  geothermal- 
electric  power  would  be 

3  X  10^  Mw-yrs  ^  ^^^^  ^^ 
50  years 

or  about  60  times  the  present  installed  capacity.  This  agrees  with  White's 
conclusion  that  the  world's  geothermal  energy  resources  could  sustain  a  rate 
of  withdrawal  of  10-100  times  that  of  the  present  for  at  least  the  next  50 
years. 

It  thus  appears  that  the  ultimate  magnitude  of  geothermal  power  produc- 
tion will  probably  be  in  the  tens  of  thousands  of  megawatts.  While  this  is 
a  significant  amount  of  power,  a  better  idea  of  just  how  significant  can  be 
obtained  by  comparison  with  other  sources  of  power.  A  figure  of  60.000 
Mw  for  geothermal  power  is  about  the  same  as  that  of  64,000  Mw  given  in 
Table  8.8  for  the  world's  potential  tidal  power,  but  only  2  percent  of  the 
2.8  X  10^  Mw  given  in  Table  8.8  for  the  world's  potential  water  power 
from  conventional  sources.  It  is  only  about  a  third  larger  than  the  present 
hydroelectric  power  capacity,  or  only  about  20  percent  of  the  present  total 
installed  electric  power  capacity  of  the  United  States.  Hence,  while  geo- 
thermal energy  is  capable  of  sustaining  a  large  number  of  small  power 
plants  in  a  limited  number  of  localities,  it  still  represents  only  a  small  fraction 
of  the  world's  total  energy  requirements,  and  this  for  only  a  limited  period 
of  time. 


NUCLEAR  ENERGY 

For  a  final  source  of  energy  appropriate  for  large-scale  generation  of  power, 
we  now  direct  our  attention  to  nuclear  energy.  For  this  purpose,  our  present 
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concern  will  He  limited  lo  the  conlrollcd  release  of  energy  from  two  con- 
trasting nuclear  processes,  ^".v.vw/j  and  fusion. 


Energy  from  Atomic  Fission 

In  its  initial  stages,  the  fission  reaction  is  dependent  solely  upon  the  isotope 
uranium-235.  Uranium,  as  it  occurs  naturally,  consists  of  three  isotopes, 
uranium-234,  uranium-235,  and  uranium-238,  with  abundances  of  0.006, 
0.711,  and  99.283  percent,  respectively.  Of  these,  uranium-234  may  be 
regarded  as  negligible.  Natural  uranium  would  then  consist  of  uranium-235 
and  uranium-238,  with  the  former  constituting  only  one  part  in  141  of  the 
whole. 

The  significance  of  uranium-235  lies  in  the  fact  that  of  the  several  hundred 
naturally  occurring  atomic  isotopes,  it  is  the  only  one  that  is  spontaneously 
fissionable  by  the  capture  of  slow  or  thermal  neutrons.  This  isotope  is 
accordingly,  of  necessity,  the  initial  fuel  for  all  subsequent  power  develop- 
ment based  on  the  fission  reaction.  The  average  amount  of  energy  released 
by  uranium-235  per  fission-event  is  approximately  200  million  electron- 
volts  (Mev),  or  3.20  x  10"  "  joules.  One  gram  of  uranium-235  contains 
2.56  X  10''  atoms.  Hence,  the  energy  released  by  the  fissioning  of  1  gram 
of  uranium-235  is  8.19  x  10'"  joules.  This  is  equivalent  to  the  heal  of 
combustion  of  2.7  metric  tons  of  coal,  or  of  13.7  barrels  of  crude  oil.  It  also 
is  appro.ximately  equal  to  1  thermal  megawatt-day.  Accordingly,  a  nuclear 
power  plant  with  a  capacity  of  1,000  electrical  megawatts,  and  a  thermal 
efficiency  of  0.33,  would  consume  uranium-235  at  a  rate  of  about  3  kilograms 
per  day. 

Burner,  Convener,  and  Breeder  Reactors.  A  physical  assembly  in  which  a 
controlled  chain  reaction  occurs  is  known  as  a  nuclear  reactor.  For  fission 
reactions,  these  reactors  are  divided  into  three  principal  types,  burners, 
conveners,  and  breeders. 

A  burner  reactor  is  one  that  consumes  the  naturally  occurring  fissile 
isotope,  uranium-235,  in  the  manner  indicated  in  Figure  8.29.  However, 
despite  the  enormous  amount  of  thermal  energy  per  gram  released  by  the 
fissioning  of  uranium-235,  a  severe  limitation  is  imposed  upon  the  amount 
of  energy  obtainable  from  this  source  by  the  facts  that  uranium  is  a  com- 
paratively rare  chemical  element,  and  that  uranium-235  represents  only 
1/141  of  natural  uranium.  A  way  out  of  this  difficulty,  however,  is  afforded 
by  the  fact  that  is  it  possible  to  convert  both  nonfissionable  uranium-238, 
comprising  99.28  percent  of  natural  uranium,  and  thorium-232,  comprising 
essentially  the  whole  of  natural  thorium,  into  isotopes  which  are  fissionable. 
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FISSION    POWER    REACTION 


U-235  — »•      „„' „..„V       *  I  NEUTRONS,  >  HEAT 


r  FISSION  "1 

[products J     I 


FIGURE  8.29 

Schematic  representation  of  nuclear- power- 
reaction  from  the  fissioning  of  Uranium-235. 
(From  Hubbert,  1962,  Figure  56,  p.  109.) 


In  each  case,  this  is  accomplished  by  exposing  uranium-238,  or  thorium- 
232,  to  neutron  bombardment,  producing  the  following  respective  reactions: 

238  239  239  239 

U  +  n  -*        U  -*        Np  -^        Pu, 
92  92  93  94 

232  233  233  233 

Th  +  n  -       Th  -        Pa  -►        U. 
90  90  91  92 

In  this  notation,  the  superscript  denotes  the  total  number  of  protons  plus 
neutrons  in  the  atomic  nucleus,  which  also  is  approximately  equal  to  the 
atomic  mass;  the  subscript,  which  also  is  the  atomic  number  and  determines 
the  chemical  element,  denotes  the  number  of  protons. 

Thus,  uranium-238  absorbs  a  neutron  and  is  converted  to  uranium-239. 
The  latter,  by  two  short-lived  radioactive  transformations  changes  spon- 
taneously to  neptunium-239  and  thence  to  plutonium-239.  Similarly, 
thorium-232  absorbs  a  neutron  and  is  transformed  into  thorium-233.  This, 
in  turn,  changes  radioactively  into  protoactinium-233  and  thence  into  ura- 
nium-233.  A  flow  diagram  for  the  breeding  reaction  is  shown  in  Figure  8.30. 

Both  plutonium-239  and  uranium-233  are  fissionable  in  a  manner  similar 
to  uranium-235.  The  isotopes  uranium-233,  uranium-235,  and  plutonium- 
239,  are  accordingly  known  as  fissile  isotopes.  Uranium-238  and  thorium- 
232,  on  the  other  hand,  which  are  not  themselves  fissionable,  but  are  capable 
of  being  converted  into  previously  nonexistent  isotopes  which  are  fissionable, 
are  known  asferiile  materials.  The  process  of  converting  fertile  into  fissile 
materials  is  known  as  conversion,  or,  in  special  cases,  as  breeding. 

The  thermal  energy  produced  per  fission  by  either  plutonium-239  or 
uranium-233  is  approximately  the  same  as  that  produced  by  uranium-235, 
about  200  Mev.  Since  the  atomic  masses  of  uranium-238  and  thorium-232 
are  very  close  to  that  of  uranium-235,  the  numbers  of  atoms  per  gram  are 
also  very  nearly  the  same.  Hence,  the  thermal  energy  per  gram  obtainable 
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from  natural  uranium  or  thorium  by  means  of  conversion  or  breeding  is 
approximately  the  same  as  from  the  initial  fissile  material,  uranium-235, 
namely  about  8.2  x   I O'*' joules  per  gram. 

The  neutrons  required  tor  conversion  or  breeding  are  those  produced  in  a 
reactor  whose  initial  supply  of  fuel  is  uranium-235.  If  uranium-238,  or 
thorium-232,  is  placed  in  such  a  reactor,  some  of  its  atoms  will  absorb 
neutrons  and  become  converted  into  its  respective  fissle  isotope.  The  basic 
difference  between  conversion  and  breeding,  is  that  by  means  of  a  conversion 
reactor,  only  a  fraction  of  the  fertile  material  can  be  converted  into  fissile 
material  before  the  supply  of  the  latter  is  completely  exhausted.  Whereas, 
for  the  breeder  reactor,  more  fissile  material  is  produced  than  is  consumed, 
and  it  is  possible,  in  principal,  to  utilize  the  entire  supply  of  fertile  material, 
provided  that  sufficient  uranium-235  is  available  to  start  the  process  initially. 

For  the  discussion  of  conversion  or  breeding,  a  significant  quantity  is 
that  known  as  the  conversion  ratio.  If  Q^  be  the  initial  amount  of  fissile 
material  in  the  fuel  inventory  of  a  reactor,  including  its  auxiliary  fuel- 
processing  equipment,  and  if  Q  be  the  amount  of  fissile  material  remaining 
after  one  cycle  during  which  an  amount  of  fuel  Q^  has  been  consumed,  the 
conversion  (or  breeding)  ratio  is  defined  by 


K  =  QIQ.. 


(9) 


If  A^  =  0,  the  reactor  is  a  pure  burner;  if  K  is  greater  than  0,  but  less  than  1, 
the  reactor  is  a  converter;  and  finally,  if  K  is  greater  than  1,  the  reactor  is  a 
breeder. 

Development  of  Nuclear  Power.  The  foregoing  principles  are  essential  for 
an  appraisal  of  the  present  status  and  future  prospects  of  nuclear-power 
development  based  on  atomic-fission  reactors. 

Historically,  the  technological  evolution  from  the  first  experimental 
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FIGURE  8.30 

Schematic  representation  of  breeder  reaction  for  Uraniui'n-238. 

(From  Hubbert,  1962,  Figure  57.  p.  109.) 
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achicvemenl  of  atomic  fission  to  the  present  design  and  construction  of 
nuclear  power  plants  of  1,000  electrical-megawatt  capacities  occurred  in  an 
incredibly  short  lime.  Fission  was  first  achieved  experimentally  in  1938,  and 
the  first  controlled  chain  reaction  on  2  December  1945.  The  first  electric 
power  was  produced  in  1951,  and  the  first  large-size  nuclear-electric  power 
plant— that  at  Shippingport,  Pennsylvania,  with  an  initial  capacity  of  60 
electrical  megawatts— went  into  operation  in  1957. 

However,  in  the  United  States,  until  about  1963,  the  development  program 
was  largely  experimental,  with  emphasis  on  alternative  designs  and  cost 
reduction,  in  an  eflTort  to  make  nuclear  power  economically  competitive 
with  that  from  fuels  and  water  power.  The  latter  achievement  was  reached  in 
1963  when  a  contract  was  let  to  the  General  Electric  Company  for  the 
Oyster  Creek  plant  of  the  Jersey  Central  Power  Company.  This  was  to  have  a 
capacity  of  515  electrical  megawatts  and  a  guaranteed  cost  of  power  pro- 
duction below  that  of  a  comparable  fuel-powered  plant. 

Following  this,  further  contracts  for  additional  plants  in  the  500  to  1,000 
electrical  megawatt  range  have  followed  in  such  profusion  that  they  can  best 
be  considered  statistically  rather  than  individually. 

As  a  consequence  of  this  acceleration,  the  U.S.  Atomic  Energy  Com- 
mission (AEC)  has  recently  been  obliged  to  increase  significantly  its  earlier 
forecasts  of  the  growth  of  nuclear  power.  According  to  this  latest  estimate 
(U.S.  AEC,  1967b,  Table  5,  p.  8),  the  median  forecast  for  the  nuclear-power 
capacity  of  the  United  States  was  for  an  increase  from  1,800  electrical 
megawatts  at  the  end  of  1966  to  145,000  electrical  megawatts  by  the  end  of 
1980.  This  represents  a  mean  exponential  growth  rate  of  31  percent  per  year, 
with  a  doubling  period  of  only  2.4  years.  The  corresponding  forecast  (ibid.. 
Table  1,  p.  3)  for  total  U.S.  electrical-power  capacity  for  the  same  period 
was  for  an  increase  from  233,000  electrical  megawatts  at  the  end  of  1966  to 
579,000  by  the  end  of  1980— a  mean  growth  rate  of  6.5  percent  per  year, 
with  a  doubling  period  of  10.6  years. 

However,  according  to  the  AEC  Annual  Report  for  1967  (U.S.  AEC, 
1968,  p.  93,  with  the  exception  of  two  gas-cooled  reactors,  all  of  the  central- 
station  nuclear  power  plants  ordered  by  utilities  since  1958  are  light-water 
reactors  (as  contrasted  with  heavy  water).  For  present  purposes,  the  dis- 
tinctive characteristic  of  these  reactors  is  that  they  consume  uranium-235 
as  fuel,  having  such  low  conversion  ratios  that  they  are  essentially  burners. 
In  the  foregoing  report  (ibid.,  p.  86)  it  is  stated  that  such  reactors  are  capable 
of  consuming  only  1  to  2  percent  of  natural  uranium  or  thorium.  According 
to  Milton  Shaw  (1968,  Fig.  4),  Director  of  the  Division  of  Reactor  Develop- 
ment and  Technology,  the  cumulative  production  of  plutonium  by  the 
light-water  reactors  up  to  any  time  between  1968  and  1980  will  be  approxi- 
mately one-third  of  cumulative  consumption  of  uranium-235  to  that  date. 
This  corresponds  to  a  total  consumption  of  only  1  percent  of  natural 
uranium. 
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The  significance  of  this  is  thai  these  hght-watcr  reactors  will  eficct  a  heavy 
drain  on  the  lower-cost  resources  of  uranium-235  if  not  soon  supplanted  by 
high-ratio  converter  or  breeder  reactors.  As  stated  by  Milton  Shaw  (ibid.,  p. 
1).  *'.  .  .  the  phenomenal  number  of  orders  for  nuclear  power  plants  over  the 
last  three  years  .  .  .  emphasizes  the  increasing  importance  of  the  timely 
introduciionof  breeder  reactors  into  the  utility  environment.  .  .  .  It  becomes 
more  evident  each  day  how  dependent  we  are  going  to  become  on  the 
successful  introduction  of  breeders  in  order  to  be  assured  of  practically 
limitless  economic  electric  power  and  process  heat." 

The  reason  for  this  concern  is  clear  when  the  magnitude  of  uranium 
resources  is  measured  against  the  requirements  between  now  and  1980.  This 
situation  has  been  succinctly  reviewed  by  RafTord  L.  Faulkner,  Director, 
Division  of  Raw  Materials,  U.S.  Atomic  Energy  Commission,  in  his 
opening  remarks  before  the  Conference  on  Nuclear  Fuel— Exploration  to 
Power  Reactors,  Oklahoma  City,  Oklahoma,  on  23  May,  1968.  Using  the 
AEC's  most  recent  forecast  of  nuclear-power  capacity  to  the  end  of  1980, 
Faulkner  points  out  that,  in  addition  to  year-by-year  current  requirements,  it 
will  be  necessary  to  maintain  an  8-year  forward  reserve  of  uranium  supply; 
that  is,  the  total  requirement  to  the  end  of  1980  must  comprise  not  only  the 
amount  actually  consumed  to  the  end  of  1980,  but  also  the  additional 
amount  to  be  consumed  during  the  next  8  years.  This  total  figure  he  estimates 
to  be  about  650,000  tons  of  uranium  oxide,  UjOg. 

To  be  compared  with  this  requirement  figure,  Faulkner  gives  reserve 
estimates  of  uranium  in  three  price  ranges:  (1)  less  than  SlO/lb  of  U,0„, 
(2)  SlO-15/lb.  and  (3)  $15-30/lb.  For  each  price  range,  two  categories  of 
reserves  are  given:  those  that  are  reasonably  assured,  and  estimated  addi- 
tional reserves.  A  composite  of  the  price  estimates  of  both  producers  and 
buyers  of  uranium  is  S7.10/lb  of  U;,08  by  1970,  and  increasing  to  $7.80  by 
1973.  The  reserves  of  less  than  $10/lb  are  accordingly  the  ones  of  principal 
interest  at  present.  For  this  category,  Faulkner  gives  for  the  United  States: 

Reasonably  assured  reserves         310,000  tons  UsOg 
Estimated  additional  350,000 

Total  660,000  tons  UjOg 

In  the  same  category,  the  figures  for  the  noncommunist  countries  of  the 
world  (including  the  United  States)  are: 

Reasonably  assured  reserves        835,000  tons  U^Og 
Estimated  additional  740,000 

Total  1,575,000  tons  UjOe  ! 
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Against  this  world  figure,  however,  allowance  must  be  made  for  the  fact  that 
the  growth  of  nuclear  power  outside  the  United  States  will  probably  be  at  a 
comparable  rate  to  that  in  the  United  States. 

From  these  figures,  it  is  apparent  that  a  very  tight  situation  in  uranium 
supply  at  anywhere  near  current  prices  is  likely  to  develop  within  the  next 
two  decades.  This  surmise  is  confirmed  by  the  U.S.  Atomic  Energy  Com- 
mission in  its  report  on  civilian  nuclear  power  (1967a),  wherein,  on  page  14, 
the  statement  is  made: 

With  reactors  of  current  technology,  the  known  and  estimated  domestic  resources 
of  uranium  at  prices  less  than  $10  per  pound  of  uranium  oxide  (UjOg)  are  ade- 
quate to  meet  the  requirements  of  the  projected  growth  of  nuclear  electric  plant 
capacity  in  the  U.S.  for  about  the  next  25  years. 

However,  since  that  report  was  issued  the  estimate  of  nuclear  power-plant 
capacity  for  1980  has  been  increased  from  95,000  to  145,000  electrical 
megawatts  without  a  corresponding  increase  in  the  estimates  of  uranium 
reserves. 

An  even  further  restriction  arises  from  the  rate  at  which  these  reserves 
can  be  mined  and  processed.  According  to  Faulkner,  of  the  reasonably 
assured  reserves  of  310,000  tons  of  UaOg  in  the  United  States,  only  about 
210,000  tons  can  be  produced  by  1980.  His  corresponding  estimate  for 
cumulative  world  production  is  about  500,000  tons.  This  alone  could  force 
the  low-priced  reserves  into  a  higher-price  category  in  case,  as  appears 
likely,  it  should  be  necessary  to  double  the  rate  of  production. 

Breeder-Reactor  Program.  This  situation  has  forced  the  breeder-reactor 
program  out  of  a  state  of  lethargy  into  something  more  nearly  resembling  a 
crash  program.  A  recent  account  of  the  program  has  been  given  by  Milton 
Shaw,  Director,  Division  of  Reactor  Development  and  Technology,  U.S. 
Atomic  Energy  Commission,  in  his  paper  on  "The  U.S.  Fast  Breeder 
Reactor  Program"  given  before  the  American  Power  Conference,  Chicago, 
Illinois,  on  23  April  1968. 

According  to  Shaw,  experimental  work  was  begun  by  the  U.S.  Government 
as  early  as  the  late  1940's  on  the  possibility  of  utilizing  the  almost  limitless 
energy  tied  up  in  uranium-238  and  thorium-232.  This  led  to  the  experimental 
breeder-reactor  program  and  to  the  construction  and  operation  of  several 
experimental  breeder  reactors  of  diflferent  designs,  culminating  in  1955  in  the 
construction  of  the  Enrico  Fermi  Atomic  Power  Plant  in  Michigan,  the  first 
large  sodium-cooled  fast  breeder. 

Nevertheless,  on  the  whole,  the  program  was  diffuse  and  characterize4«by 
an  atmosphere  of  complacency.  The  growth  rate  of  nuclear  power  was 
seriously  underestimated,  and  no  scarcity  of  uranium  resources  was  forseen. 
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During  the  20-ycar  period  from  1948  through  1967,  the  budget  for  the 
entire  AEC  breeder  program  amounted  to  but  512,000,000  per  year.  "There 
was  much  less  substance  than  image"  according  to  Shaw,  "in  the  industrial 
breeder  program  for  there  appeared  to  be  ample  time." 

With  the  belated  realization  of  the  possibility  of  a  crisis  in  the  fuel  supply, 
the  breeder-reactor  program  is  now  being  pushed  with  great  vigor.  A  series 
of  technical  reviews  concerning  the  status  of  the  advanced  breeder  program 
was  begun  in  1965.  About  the  same  time,  the  unprecedented  series  of  orders 
by  the  utilities  for  light-water  reactors  emphasized  the  need  for  a  change  of 
approach  to  the  whole  breeder-development  program.  Consequently,  the 
development  and  introduction  into  utility  usage  of  safe,  reliable,  and 
economic  breeder-reactor  power  plants  became  the  highest  priority  in  the 
AEC's  reactor-development  program.  In  this  program,  the  highest  priority 
was  given  to  the  development  of  a  liquid-metal  cooled,  fast-breeder  reactor 
(LMFBR)  utilizing  the  uranium-238-plutonium-239  cycle. 

Accordingly,  in  1966.  the  LMFBR  Program  Office  (staffed  currently  with 
about  50  professional  scientists  and  engineers)  was  established  at  the 
Argonne  National  Laboratory  near  Chicago  to  assist  with  the  detailed 
planning  and  technical  evaluation  ofvarious  aspects  of  the  LMFBR  program. 
The  time  schedule  on  this  program  involves  getting  an  initial  power  plant 
into  operation  by  the  early  1 980's,  and  large  commercial  plants  into  operation 
between  1985  and  1990. 

The  program  of  breeder-reactor  development  is  also  reviewed  in  the  1967 
annual  report  of  the  AEC  (U.S.  AEC,  1968,  pp.  77-86),  in  which  it  is  con- 
firmed that  the  highest  priority  has  been  given  to  the  development  of  the 
liquid-metal  cooled,  fast-breeder  reactor,  with  the  goal  of  achieving  a  safe, 
reliable,  and  economic  1,000  Mwe  LMFBR  plant  in  the  1980's. 

In  parallel  with  this,  but  of  secondary  priority,  studies  are  being  initiated 
on  other  types  of  breeders.  The  principal  of  these  is  the  molten-salt  breeder 
reactor  (MSBR).  This  would  be  based  on  the  thorium-232-uranium-233 
cycle,  and  hence,  as  a  user  of  thorium  as  a  raw  material,  would  be  a  highly 
desirable  complement  to  the  LMFBR  using  uranium-238. 

The  projected  doubling  times  — the  time  required  for  the  doubling  of  the 
initial  fuel  inventory  — which  it  is  hoped  to  achieve  by  these  two  types  are 
about  10  years  for  the  LMFBR,  using  the  uranium-238-plutonium-239 
cycle,  and  between  10  and  20  years  for  the  MSBR,  using  the  thorium-232- 
uranium-233  cycle.  A  doubling  period  of  10  years,  assuming  no  uses  of 
fissile  material  for  nonbreeding  purposes,  would  permit  a  maximum  rate  of 
growth  of  breeder-power  production  of  about  7  percent  per  year;  a  doubling 
period  of  20  years  would  allow  a  maximum  growth  rate  of  about  3.5  percent 
per  year. 

Another  breeder,  or  possibly  converter,  program  involves  the  modification 
of  the  present  type  of  light-water  reactors  by  means  of  adding  blankets  of 
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fertile  materials  to  increase  the  conversion  ratio.  In  this  manner,  it  is  hoped 
to  increase  the  energy  obtainable  from  natural  uranium  or  thorium  from  the 
present  approximately  1  percent  to  possibly  as  high  as  50  percent.  For 
natural  uranium,  50  percent  burnup  would  correspond  to  a  conversion  ratio 
of  about  0.98. 

Long-Term  View  of  Nuclear-Fission  Energy.  Taking  a  view  of  not  less  than 
a  century,  were  electrical  power  to  continue  to  be  produced  solely  by  the 
present  type  of  light-water  reactors,  the  entire  episode  of  nuclear  energy 
would  probably  be  short-lived.  With  the  growth  rates  now  being  experienced, 
the  inexpensive  sources  of  uranium  would  probably  be  exhausted  within  a 
fraction  of  a  century,  and  the  contained  uranium-235  irretrievably  lost.  With 
the  use  of  more  costly  uranium,  the  cost  of  power  would  increase  until 
nuclear  power  would  no  longer  be  economically  competitive  with  that  from 
fuels  and  water. 

This  unhappy  conclusion  cannot  be  evaded  by  improvements  of  conversion 
ratios  by  any  amount  short  of  breeding,  because  for  any  conversion  ratio 
less  than  1 ,  the  initial  supply  of  uranium-235  as  well  as  all  new  fissile  material 
generated  by  conversion  will  eventually  be  consumed  completely,  leaving 
only  the  inert  fertile  materials.  Hence,  the  only  long-time  benefit  from 
conversion  is  to  multiply  by  some  finite  amount  the  initial  quantity  of 
fissile  material,  and  to  increase  somewhat  the  length  of  time  for  the  exhaustion 
of  the  initial  supply.  If  such  a  consequence  is  to  be  avoided,  it  can  only  be 
done  by  the  supplanting,  at  the  earliest  date  possible,  of  all  power  reactors 
having  conversion  factors  less  than  unity  by  true  breeder  reactors. 

Since  this  is  technologically  possible,  as  well  as  necessary,  we  shall  now 
assume  that  the  present  episode  of  burner  and  converter  reactors  is  but  a 
temporary  developmental  phase,  and  that  probably  before  the  end  of  the 
present  century  they  will  be  almost  entirely  superseded  by  breeder  reactors. 
When  this  occurs,  as  Alvin  Weinberg  has  pointed  out  repeatedly  (e.g.,  1959, 
1960),  the  problem  of  raw  materials  for  energy  will  be  drastically  modified. 
For  under  these  circumstances,  it  will  become  possible  and  practicable  to 
utilize  truly  low-grade  ores  of  uranium  and  thorium  which  cannot  at  present 
be  given  consideration. 

A  couple  of  examples  will  suffice  to  illustrate  this  point.  For  a  low-grade 
source  of  uranium,  we  may  consider  the  Chattanooga  Shale  of  Devonian 
age  which  crops  out  along  the  western  Appalachians  in  eastern  Tennessee 
and  neighboring  states,  and  underlies  at  minable  depths  a  sizable  fraction 
of  the  total  areas  of  the  states  of  Tennessee,  Kentucky,  Ohio,  Indiana,  and 
Illinois.  According  to  Vernon  E.  Swanson  (1960,  p.  4)  of  the  United  States 
Geological  Survey,  the  Gassaway  Member  of  this  shale  is  about  15  feet  thick, 
extends  over  an  area  of  hundreds  of  square  miles,  and  contains  about 
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0.0060  percent  by  weight  of  uranium.  Let  us  consider  the  amount  of  energy 
which  this  represents,  assuming  the  use  of  breeder  reactors  operating  on  the 
uranium-238-plutonium-239  cycle. 

Here  we  deal  with  a  layer  of  rock  5  meters  thick  having  a  density  of  2.5 
grams  cm\  or  2.5  metric  tons  per  cubic  meter,  and  a  uranium  content  of 
60  grams  per  metric  ton,  or  150  grams  per  cubic  meter.  Hence,  for  each 
square  meter  of  surface  area  there  are  5  cubic  meters  of  rock  containing 
750  grams  of  uranium.  As  we  have  seen  heretofore,  the  energy  released  by 
the  fissioning  of  1  gram  of  uranium  is  equivalent  to  that  of  the  combustion 
of  2.7  metric  tons  of  coal  or  of  13.7  barrels  of  crude  oil.  Therefore,  the  fuel 
equivalent  of  the  uranium  in  1  square  meter  of  surface  area  would  be  2,000 
metric  tons  of  coal  or  10,000  barrels  of  crude  oil.  Per  square  kilometer,  this 
would  represent  2  billion  metric  tons  of  coal  or  10  billion  barrels  of  oil. 

Rounding  our  previous  estimates  to  1,500  billion  metric  tons  as  the 
ultimate  U.S.  resources  of  producible  coal,  and  about  200  billion  barrels  for 
producible  crude  oil.  the  areas  for  equivalent  amounts  of  uranium  are  found 
to  be  750  square  kilometers  for  coal,  and  20  square  kilometers  for  oil.  The 
area  of  750  square  kilometers  for  coal  is  about  300  square  miles,  or  an  area 
roughly  17  miles  square.  The  20-square  kilometer  area  equivalent  to  the 
ultimate  crude-oil  resources  would  be  only  about  8  square  miles,  of  an 
area  somewhat  less  than  3  miles  square. 

For  a  similar  calculation  with  regard  to  the  energy  obtainable  from 
low-grade  thorium  deposits,  using  breeder  reactors,  we  may  consider  the 
Conway  Granite  in  New  Hampshire.  This  is  a  granite  which  crops  out  over  an 
area  of  about  300  square  miles,  or  750  square  kilometers,  and  extends 
probably  to  some  kilometers  in  depth.  According  to  studies  by  John  A.  S. 
Adams  and  associates  (Adams,  Kline,  Richardson,  and  Rogers,  1962),  this 
granite  has  a  remarkably  uniform  thorium  content,  averaging  56  grams  per 
metric  ton.  In  this  case,  1  cubic  meter  of  rock  has  a  mass  of  2.7  metric  tons 
and  contains  150  grams  of  thorium.  Since  the  energy  released  by  fissioning 
of  1  gram  of  thorium  is  substantially  the  same  as  for  uranium,  the  fuel 
equivalent  of  the  thorium  contained  in  a  cubic  meter  of  rock  is  equivalent  to 
about  400  metric  tons  of  coal,  or  2,000  barrels  of  crude  oil. 

Should  the  whole  area  be  quarried  to  a  depth  of  only  100  meters  (330 
feet)  and  the  thorium  used  in  breeder  reactors,  the  fuel  equivalent  of  the 
energy  produced  would  be  30  x  10'^  metric  tons  of  coal,  or  150  x  10'^ 
barrels  of  crude  oil.  This  would  be  20  times  the  coal  resources  of  the  United 
Slates,  or  750  times  the  resources  of  crude  oil. 

These  are  only  illustrative  examples.  The  energy  potentially  obtainable 
by  breeder  reactors  from  rocks  occurring  at  minable  depths  in  the  United 
States  and  containing  50  grams  or  more  of  uranium  and  thorium  combined 
per  metric  ton  is  hundreds  or  thousands  of  times  larger  than  that  of  all  of  the 
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fossil  fuels  combined.  It  is  clear,  therefore,  that  by  the  transition  to  a  complete 
breeder-reactor  program  before  the  initial  supply  of  uranium-235  is  ex- 
hausted, very  much  larger  supplies  of  energy  can  be  made  available  than 
now  exist.  Failure  to  make  this  transition  would  constitute  one  of  the 
major  disasters  in  human  history. 

Energy  from  Fusion 

In  1939,  H.  A.  Bethe  (1939a;  1939b)  published  the  results  of  theoretical 
studies  of  the  preceding  year  in  which  he  derived  from  primary  data  the 
sequence  of  nuclear  reactions  whereby  the  enormous  amounts  of  energy 
radiated  from  the  sun  and  the  stars  are  produced  by  the  fusion  of  hydrogen 
of  atomic-mass  1  into  helium  of  atomic-mass  4' .  Since  that  time,  the  question 
of  whether  controlled  fusion  may  also  be  achieved  in  the  laboratory  has  been 
a  continuing  challenge. 

The  chemical  element  hydrogen  has  three  isotopes  of  mass  numbers  1,  2, 
and  3,  which  have  now  come  to  be  known  by  the  separate  names  o[ hydrogen 
with  the  chemical  symbol  H,  deuterium  with  the  symbol  D,  and  tritium  with 
the  symbol  T,  respectively.  The  problem  of  achieving  controlled  fusion 
reduces  to  that  of  fusing  two  or  more  of  these  isotopes  of  hydrogen  into 
helium,  the  next  higher  element  in  the  atomic  scale.  Helium  also  has  two 
isotopes  of  present  interest,  helium-3  and  helium-4. 

The  fusion  of  deuterium  and  tritium  into  helium  in  an  uncontrolled 
explosive  manner  has  already  been  achieved  and  is  the  basis  for  the  so-called 
hydrogen,  or  thermonuclear  bomb.  Research  in  an  effort  to  achieve  a 
controlled  fusion  reaction  has  been  under  way  in  several  laboratories  in  the 
United  States  during  the  last  two  decades,  and  comparable  work  is  being 
conducted  in  several  other  countries.  However,  the  British  government  has 
recently  announced  its  intention  of  discontinuing  the  fusion  work  being  con- 
ducted there.  Although  progress  toward  the  achievement  of  controlled  fusion 
is  gradually  being  made,  it  still  is  not  possible  to  estimate  when,  or  even 
whether,  the  development  of  power  from  the  fusion  reaction  may  ever  be 
accomplished.  However,  since  the  possible  fusion  reactions  and  their 
associated  energy  releases  are  known,  it  is  possible  to  estimate  the  amounts 
of  energy  potentially  obtainable  from  these  reactions  in  terms  of  the  earth's 
resources  of  the  primary  isotopes  involved. 

According  to  Samuel  Glasstone  (1964)  of  the  U.S.  Atomic  Energy 
Commission,  the  most  hopeful  approaches  to  the  achievement  of  controlled 
fusion  are  those  that  involve  the  fusion  of  two  deuterium  atoms,  or  of  one 
deuterium  and  one  tritium  atom.  Of  these  two,  the  latter  apf)ears  to  be  the 
one  more  likely  to  be  successful,  at  least  initially. 

'For  this  work  Bethe  was  awarded  a  Nobel  Prize  in  1968. 
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The  reactions  of  interest,  and  their  associated  energy  releases,  are  the 
following: 

^D  +  ^D  -►  ^He  +  n  +  3.2  Mev,  < 

! 

p  +  ^D  -  "^jT  -f-  H  +  4.0  Mev. 

Here,  in  addition  to  the  chemical  symbols  already  defined,  n  is  a  neutron 
and  Mev  signifies  a  million-electron  volts,  which  is  equal  to  1.60  x  10" * 
ergs  or  to  1.60  x  10"'^  joules. 

These  two  reactions  are  about  equally  probable.  In  the  first,  a  stable 
product  is  produced,  but  in  the  second,  the  tritium  atom  reacts  with  another 
deuterium  in  the  following  manner: 

^D  +  ^T  ->  ^He  +  n  +  17.6  Mev. 

Therefore,  the  net  result  of  these  three  reactions  can  be  written  in  the  form 

5p  -^  2^^e  +  ^He  +  H  +  2n  +  24.8  Mev. 

Hence,  the  energy  released  per  deuterium  atom  in  these  fusion  reactions 
would  be  4.96  Mev. 

Further  interest  attaches  to  the  deuterium-tritium  reaction  in  view  of  the 
fact  that  another  way  exists  for  producing  tritium  atoms.  When  lithium-6 
is  bombarded  with  neutrons  the  following  reaction  occurs: 

^Li  -I-  n  ^  2^e  +  \t  +  4.8  Mev. 

When  this  is  combined  with  the  tritium-deuterium  reaction, 

jT  -h  jD  -^  ^He  -F  n  -H  17.6  Mev, 

the  net  result  is  equivalent  to  the  reaction 

^Li  -h  jD  -I-  n  -^  2  ^He  +  b  -h  22.4  Mev. 

In  this  reaction,  the  limiting  condition  depends  on  the  relative  abundance 
of  lithium  and  deuterium.  The  magnitude  of  total  energy  potentially 
obtainable  will  be  limited  by  whichever  isotope  is  the  more  scarce. 

Let  us  now  consider  the  amounts  of  energy  that  would  be  made  potentially 
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available  in  each  case  should  the  deuterium-deuterium,  or  the  lithium- 
deuterium  fusion  reaction  be  achieved. 

Energy  from  D-D  Fusion.  In  the  case  of  deuterium  fusion,  we  have  already 
seen  that  the  release  of  energy  per  deuterium  atom  would  amount  to  4.96 
Mev  which  is  equivalent  to  7.94  x  10"  '^  joules.  The  relative  abundance  of 
deuterium  in  water  (including  sea  water)  is  1  deuterium  atom  for  each  6,500 
hydrogen  atoms.  From  these  data,  together  with  the  respective  atomic 
weights  and  Avogadro's  number,  it  may  be  determined  that  1  cubic  meter  of 
water  contains  about  1.028  x  10^'  atoms  of  deuterium  having  a  mass  of 
34.4  grams,  and  a  potential  fusion  energy  of  8.16  x  10'^  joules.  This  is 
equivalent  to  the  heat  combustion  of  269  metric  tons  of  coal,  or  of  1,360 
barrels  of  crude  oil. 

Since  a  cubic  kilometer  contains  10^  cubic  meters,  if  follows  that  the  fuel 
equivalents  of  1  cubic  kilometer  of  sea  water  are  269  billion  tons  of  coal,  or 
1,360  billion  barrels  of  crude  oil.  The  latter  figure  is  approximately  equal  to 
the  lower  of  the  two  estimates  of  ultimate  world  resources  of  crude  oil. 
Since  the  ultimate  world  coal  resources  as  estimated  by  Averitt  are  about 
7,600  X  10^  metric  tons,  the  volume  of  sea  water  required  to  be  equivalent 
to  this  would  be  about  28  cubic  kilometers.  The  total  volume  of  the  oceans 
is  about  1.5  x  10''  cubic  kilometers.  Should  enough  deuterium  be  withdrawn 
to  reduce  the  initial  concentration  by  1  percent,  the  energy  released  by 
fusion  would  amount  to  about  500,000  times  that  of  the  world's  initial 
supply  of  fossil  fuels. 

Energy  from  Lithium-Deuterium  Reaction.  Consider  now  the  energy 
potential  obtainable  from  the  lithium-deuterium  reaction.  The  amount  of 
this  energy  will  be  limited  by  whichever  of  the  two  isotopes  is  in  shortest 
supply.  From  our  previous  calculations,  we  found  that  there  are  about  1025 
atoms  of  deuterium  per  cubic  meter  of  sea  water.  This  would  be  1034 
deuterium  atoms  per  cubic  kilometer,  or  a  total  of  about  1.5  x  10*^  atoms 
in  total  volume  of  the  oceans.  And  a  large  fraction  of  this  could  readily  be 
extracted  at  low  cost  by  methods  now  in  use. 

Lithium,  on  the  other  hand,  is  found  in  readily  extractible  concentrations 
only  in  restricted  localities  on  land.  The  geochemical  abundance  of  lithium 
in  sea  water  is  only  about  I  part  in  10  million,  and  recent  estimates  (Parker, 
1967,  Table  20)  for  the  average  abundance  of  lithium  in  the  crustal  rocks  of 
the  earth  all  fall  within  the  range  of  20-32  parts  per  million.  However,  the 
isotope,  lithium-6,  required  for  fusion  constitutes  only  7.42  percent  of 
natural  lithium.  Hence,  lithium-6  is  present  in  a  concentration  of  but  7  parts 
per  billion  in  sea  water,  and  about  2  parts  per  million  in  the  crustal  rocks  of 
the  earth. 

Minable  deposits  of  lithium  occur  principally  in  the  mineral  spodumene  in 
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igneous  pegmatites,  and  in  concentrations  of  natural  brines.  As  recently  as 
1965,  the  sum  of  the  measured,  indicated,  and  inferred  reserves  of  LijO  in 
the  United  States,  Canada,  and  Africa,  were  estimated  by  James  J.  Norton  of 
the  U.S.  Geological  Survey,  (unpublished)  to  be  about  1.6  million  metric 
tons.  Comparable  estimates  have  been  published  by  Thomas  L.  Kesler, 
Chief  Geologist  of  the  Foote  Mineral  Company,  the  largest  lithium  producer 
in  the  United  States  (Kesler,  1960;  1961).  These  estimates  include  about 
2  million  metric  tons  for  the  United  States,  390,000  for  Canada,  and  180,000 
for  Africa. 

The  Foote  Mineral  Company  has  begun  exploitation  of  a  brine  deposit 
near  Silver  Peak,  Nevada,  which  is  reported  (Foote  Mineral  Co.,  1967)  to 
contain  reserves  of  2.5  to  5  million  short  tons  of  lithium.  This  deposit  alone 
would  correspond  to  about  5  to  10  million  metric  tons  of  LijO.  In  addition, 
the  brine  of  Great  Salt  Lake,  Utah,  with  a  lithium  content  of  0.006  percent, 
is  beginning  to  be  processed  for  this  element  by  the  Lithium  Corporation  of 
America. 

In  view  of  the  large  but  only  roughly  known  magnitudes  of  the  lithium 
reserves  in  the  Silver  Peak  and  Great  Salt  Lake  brines,  Norton  considers  10 
million  short  tons  of  elemental  lithium  to  be  a  good  order-of-magnitude 
estimate  of  the  presently  known  resources  of  lithium  in  the  United  States, 
Canada,  and  Africa.  Using  this  figure  and  the  previous  estimates  for  Canada 
and  Africa,  revised  lithium  reserves  of  these  three  areas  are  shown  in  Table 
8.10.  Also,  in  each  instance,  the  amount  of  the  isotope  lithium-6  is  given  in 
metric  tons.  From  the  latter  figures,  the  number  of  lithium-6  atoms  can  be 
obtained  from  the  relationship, 

Avogadro's  number       6.0225  x  lO^-* 
Atomic  weight,  *Li         6.015  grams 

=  1.0  X  10^^  atoms  per  gram. 

Then,  since  1   metric  ton  =  10*  grams,  there  are  1.00  x  10^**  lithium-6 
atoms  per  metric  ton. 

From  the  fourth  column  of  Table  8.10,  it  is  seen  that  the  number  of 
atoms  of  lithium-6  in  the  known  lithium  reserves  of  North  America  and 
Africa  is  about  7  x  lO'**.  Since  this  number  is  of  the  order  of  a  hundred- 
millionth  of  the  1.5  X  lO'*-*  deuterium  atoms  in  the  oceans,  it  follows  that 
the  amount  of  energy  potentially  obtainable  from  the  lithium-deuterium 
fusion  reaction  will  be  limited  by  the  scarcity  of  lithium-6  rather  than  of 
deuterium.  Accordingly,  we  may  ascribe  the  total  energy  of  22.4  Mev,  or 
3.58  X  10"  '^  joules,  obtainable  from  each  atom  of  lithium-6  consumed,  to 
the  lithium-6  alone.  On  this  basis,  the  energy  potentially  obtainable  by  the 
consumption  of  the  amounts  of  lithium-6  shown  in  column  4  is  given  in 
column  5  of  Table  8.10.  This  amounts  to  a  total  of  about  2.4  x  10^-*  joules, 
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which  is  approximalcly  equal  to  ihc  ligurc  of  2.6  x  10^^  joules  lor  the 
energy  obtainable  from  the  combustion  of  the  world's  initial  supply  of 
fossil  fuels. 

Hence,  unless  much  larger  quantities  of  lithium  of  a  lower  grade  than 
those  now  mined  should  be  exploited,  the  scarcity  of  lithium  renders  the 
lithium-deuterium  fusion  reaction  a  much  less  promising  ultimate  source  of 
energy  than  the  deuterium-deuterium  reaction.  However,  should  the 
controlled  lithium-deuterium  reaction  be  the  first  to  be  achieved,  it  is 
technologically  probable  that  achievement  of  the  deuterium-deuterium 
reaction  would  follow. 


DISPOSAL  OF  RADIOACTIVE  WASTES^ 

An  essential  requirement  for  a  nuclear-power  industry  based  on  the  fission 
reaction^  is  a  system  for  the  safe  management  and  disposal  of  radioactive 
wastes. 

All  common  matter  on  earth  is  radioactive  in  some  degree.  Organisms  on 
the  earth  are  subjected  continuously  to  a  low  level  of  damaging  radiation 
from  the  radioactivity  inside  their  tissues,  from  that  of  their  immediately 
surrounding  environment,  and  from  cosmic  rays.  Men  and  other  animals 
have  evolved  physiological  systems  able  to  repair  tissue  damage  from 
"background"  radiation  at  about  the  same  rate  the  damage  occurs.  However, 
if  the  radiation  rate  is  significantly  increased,  such  repair  is  no  longer  possible, 
and  permanent  injury  results.  Depending  on  the  nature  of  the  exposure, 
radiation  injuries  take  many  forms,  ranging  from  small  and  long-delayed 
effects  to  short-term  lethal  effects;  a  subtle  and  serious  consequence  of  some 
radiation  injuries  is  genetic  transmission  of  physiological  defects. 

Radioactive  wastes  are  distinguished  from  all  other  kinds  of  noxious 
wastes  of  chemical  origin  by  the  fact  that  there  is  no  method  of  treating  them 
to  counteract  their  innate  biological  harmfulness.  Radioactivity,  a  nuclear 
phenomenon,  cannot  be  changed  by  any  process  less  drastic  than  that  which 
occurs  inside  nuclear  reactors.  Each  radioactive  isotope  decays  at  a  fixed 
negative-exponential  rate  peculiar  to  itself. 

Health  physicists  and  others  have  determined  standards  for  the  maximum 
concentration  of  radioactivity  from  different  radioactive  materials  that  is 
considered  safe  for  human  or  other  biological  exposure.  These  maximum 
safe  concentrations  are  diflferent  for  different  isotopes,  but  as  a  practical 
generalization  the  Health  Physics  Division  of  the  Atomic  Energy  Commission 


^Prepared  by  Earl  Cook,  Texas  A&M  University,  from  notes  provided  by  M.  King  Hubbert. 
^In  the  alternative  fusion  reaction  the  end  product  is  mainly  nonradioactive  helium. 
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has  used  20  hair-lives'*  as  the  minimum  period  a  given  lype  of  high-level 
radioaelive  waste  should  be  permitted  to  decay  before  being  considered 
safe  for  biological  exposure.  This  rule  would  require  that  wastes  containing 
the  long-lived  isotopes  stronlium-90  and  cesium- 1 37,  which  have  half-lives 
of  28  and  30  years,  be  isolated  at  least  600,  and  possibly  as  long  as  1 ,000  years, 
to  render  them  biologically  harmless. 

Radioactive  wastes  are  produced  mainly  by  the  "burning"  of  the  fissile 
fuel,  and  to  a  much  lesser  extent  by  neutron  bombardment  of  otherwise 
neutral  materials  within  the  reactor,  including  reactor  metals,  coolant  fluids, 
and  air  or  other  gases.  The  mass  of  radioactive  fission  prod  :ls  produced  in  a 
reactor  is  very  nearly  equal  to  the  mass  of  fuel  consumed. 

Inside  a  reactor,  the  fuel  elements  are  encased  in  metal  containers  which 
retain  the  fission  products  produced.  After  a  certain  percentage  of  "burnup" 
of  the  initial  fuel,  the  fuel  elements  are  removed  from  the  reactors  and  taken 
to  fuel-processing  plants  where  the  fission  products  are  separated  chemically 
from  the  unspent  fuel,  which  is  then  refabricated  into  new  fuel  elements.  As 
they  come  from  the  reactor  the  fission  products  represent  a  wide  scatter  of 
isotopes,  the  composite  of  which  is  highly  radioactive. 

Most  radioactive  waste  is  generated  in  the  fuel-processing  plants  and  is  in 
liquid  or  slurry  form;  it  is  stored  in  tanks  of  steel,  or  of  steel  and  concrete, 
for  a  preliminary  period  of  "cooling"  before  disposition  as  waste.  The 
principal  solid  wastes  are  radioactive  trash  (contaminated  boxes,  rags,  and 
laboratory  apparatus)  and  reactor  and  machinery  parts  that  have  acquired  an 
induced  radioactivity  from  neutron  bombardment.  Radioactive  liquids  or 
slurries  are  classified  as  high-level  when  their  radioactivity  is  greater  than  1 
curie'  per  gallon,  intermediate-level  for  radioactivities  between  1  microcurie 
(10"^  curies)  and  1  curie  per  gallon,  and  low-level  for  less  than  1  microcurie 
per  gallon. 

In  1955,  at  the  request  of  the  Atomic  Energy  Commission,  an  advisory 
Committee  on  the  Geologic  Aspects  of  Radioactive  Waste  Disposal  was 
established  by  the  Division  of  Earth  Sciences  of  the  National  Academy  of 
Sciences— National  Research  Council.  This  committee,  which  included 
geologists,  ground-water  hydrologists,  and  mining  and  petroleum  engineers, 
served  until  1967,  and  made  a  succession  of  study  visits  to  most  of  the  AEC 
establishments  concerned  with  management  and  disposal  of  radioactive 
wastes.  The  committee  formulated  three  general  principles  on  which  any 
long-term  program  of  disposal  of  radioactive  wastes  should  be  based.  These 
principles  may  be  paraphrased  as  follows: 

1.  All  radioactive  materials  are  biologically  injurious.  Therefore,  all 


.  *A  half-life  is  the  lime  required  for  any  given  species  of  radioactive  material  to  disintegrate 
or  decay  to  one-half  its  original  mass. 

'A  curie  is  a  measure  of  the  rate  of  radioactive  disintegration;  it  equals  a  rate  of  3.7  x   10'** 
disintegrations  per  second,  about  the  disintegration  rale  of  I  gram  of  natural  radium. 
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radioactive  wastes  should  be  isolated  from  the  biological  environment 
during  their  periods  of  harmfulness,  which  for  the  long-lived  isotopes 
exceeds  600  years. 

2.  The  rale  of  generation  of  radioactive  wastes  is  roughly  proportional  to 
the  rate  of  power  production  from  nuclear-fission  reactors.  In  the  period  of 
its  work,  the  committee  regarded  the  rate  of  nuclear  power  and  related 
radioactive-waste  production  as  being  on  the  very  low  portion  of  a  steep 
exponential-growth  curve.  The  committee  therefore  reasoned  that  no 
waste-disposal  practice,  even  if  regarded  as  safe  at  an  initially  low  level  of 
waste  production,  should  be  initialed  unless  it  would  still  be  safe  when  the 
rale  of  waste  production  becomes  orders  of  magnitude  larger. 

3.  No  compromise  of  safety  in  the  interest  of  economy  of  waste  disposal 
should  be  tolerated. 

These  principles  are  still  valid. 

Present  practices  which  satisfy  these  principles  best  are  those  pertaining 
to  the  high-level  wastes  that  emerge  from  the  chemical  processing  of  spent 
reactor  fuel  elements.  These  extremely  radioactive  aqueous-solid  slurries 
generate  heat  at  rates  as  high  as  200  watts  per  gallon  (Zeitlin  and  Ullmann, 
1955),  and  it  is  necessary  to  store  them  a  year  or  more  to  dissipate  thermal 
energy  before  attempting  more  permanent  storage  or  disposal.^ 

For  permanent  storage,  the  AEC  has  a  number  of  possible  procedures 
under  research  and  development  at  present  (U.S.  AEC,  1968;  Fox,  1967). 

One  possibility  is  to  retain  the  self-dessicated  slurries  permanently  in  the 
original  storage  tanks.  More  promising  procedures  involve  reduction  of  the 
wastes  to  solids  in  the  form  of  glass  or  ceramic  slugs,  or  calcined  granules. 
These  solids  can  then  be  buried  in  natural  salt  beds  or  stored  in  concrete- 
and-metal  bins  on  or  near  the  earth's  surface.  In  either  case,  the  high-level 
radioactivity  of  the  solids  will  be  isolated  from  circulating  ground  water  and 
from  the  biological  environment.  Of  the  two  alternatives,  underground 
storage  in  salt,  which  is  highly  impervious  to  ground-water  flow,  appears 
preferable. 

Present  practices  with  regard  to  intermediate-  and  low-level  aqueous 
wastes,  of  gaseous  wastes,  and  of  radioactive  trash,  are  less  satisfactory.  The 
large  amounts  of  water  involved  in  low-level  aqueous  wastes  make  the 
problem  of  concentrating  the  radioactive  isotopes  difficult.  Oak  Ridge 
National  Laboratory  puts  intermediate-level  wastes  into  slurry  form  and 
injects  the  slurry  into  hydraulically  induced  fractures  at  a  depth  of  about 
700-1,000  feet  in  shale,  where  the  slurry  "sets"  as  a  solid.  In  the  Oak  Ridge 
locality  these  fractures  appear  to  be  principally  horizontal,  or  parallel  to  the 
bedding  planes  of  the  shales,  and  there  seems  liltle  chance  that  radioactivity 
will  escape  upward.  In  most  areas,  however,  oil-industry  experience  shows 
hydraulically  induced  fractures  to  be  vertical  and  therefore  unfavorable  to 

"Storage  implies  thai  the  material  is  retrievable;  disposal,  that  it  is  not. 


734 


safe  disposal  by  injection.  In  consequence,  it  is  questionable  whether  the 
Oak  Ridge  practice  can  be  extended  to  other  areas  without  going  to  much 
greater  depths  in  the  interest  of  safety.  In  any  area,  the  wastes  should  be 
placed  below  the  level  of  circulating  potable  ground  water. 

At  the  Hanford  Works  in  Washington  and  at  the  National  Reactor  Test 
Station  in  Idaho,  intermediate-level  wastes  are  either  stored  in  earth  ponds 
or  discharged  underground  through  special  cribs.  At  both  localities,  low-level 
wastes  are  discharged  through  wells  into  the  subsurface  body  of  circulating 
ground  water.  In  Great  Britain  and  possibly  elsewhere,  low-level  wastes  are 
being  discharged  directly  into  the  sea. 

At  most  of  the  AEC  localities,  and  at  several  sites  recently  authorized  for 
operation  by  private  industry,  solid  wastes  are  buried  in  trenches  10-15  feet 
deep  and  covered  with  soil.  Although  these  trenches  are  above  the  ground- 
water table,  they  are  within  the  domain  of  circulating  soil  moisture,  some  of 
which  returns  to  the  surface  by  evaporation  and  plant  transpiration,  and 
some  of  which  descends  to  the  water  table. 

Radioactive  gases,  after  removal  of  most  of  the  longer-lived  isotopes  and  a  • 
period  of  storage  of  the  rest,  are  discharged  through  tall  dispersion  stacks 
into  the  atmosphere. 

From  this  brief  outline,  it  can  be  seen  that  most  present  practices  in  the 
disposal  of  radioactive  wastes  other  than  high-level  liquid  violate  the  first  of 
the  three  principles  stated  above,  and  probably  the  second  also.  These  wastes 
are  not  being  isolated  from  the  biological  environment  at  present,  and  it  is 
questionable  to  what  extent  the  same  practices  can  b>e  continued  when  the 
rate  of  waste  production  becomes  10  or  100  times  larger  than  it  is  at  present 
without  causing  serious  hazard. 

With  regard  to  the  third  principle,  which  deals  with  the  possible  com- 
promise of  safety  by  economy,  it  should  be  pointed  out  that  management 
costs  for  high-level  wastes  in  the  United  States  at  present  (Fox,  1 967,  p.  1 5)  is 
less  than  1  percent  of  the  total  cost  of  nuclear-power  production.  The  cost  of 
the  entire  waste-management  program  probably  does  not  exceed  2  percent. 
In  other  words,  the  cost  problem  is  not  formidable.  Nor  is  the  physical 
problem  intractible,  for  the  rate  of  production  of  radioactive  isotopes  in  the 
United  States  at  present  (1968)  is  only  a  metric  ton  or  two  per  year. 

It  is  more  than  penny-wise  and  pound-foolish  to  skimp  on  budgets  for 
radioactive  waste-disposal  programs  and  to  adopt  expedient  practices  for 
economic  reasons;  it  is  hazardous  to  the  health  and  genetic  security  of  the 
nation. 

A  new  monitoring  system  for  radioactive-waste  disposal  practices  is 
needed.  This  system  must  be  independent  of  the  agencies  and  organizations 
that  produce  such  wastes,  and  would  be  somewhat  analogous  to  the  system 
of  financial  auditing  which  has  been  found  both  essential  and  effective  in 
monetary  affairs.  Furthermore,  reports  generated  by  the  group  or  body 
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charged  with  operation  ol'  this  monitoring  system  should  be  public,  for 
every  citizen  is  a  shareholder  in  the  common  good. 


HUMAN  AFFAIRS  IN  TIME  PERSPECTIVE 

From  the  foregoing  review,  it  is  evident  that  the  fortunes  of  the  world's 
human  population,  for  better  or  for  worse,  are  inextricably  interrelated  with 
the  use  that  is  made  of  energy  resources.  Although  the  human  species  has 
always  used  energy  to  meet  its  minimum  biological  requirements,  it  is  only 
within  recent  centuries,  with  the  advent  of  energy  from  the  fossil  fuels  and 
from  wind  and  water  power,  that  mankind  has  been  able  to  increase  its 
energy  utilization  per  capita  significantly  above  this  minimum  level.  Despite 
the  fact  that  the  exploitation  of  these  sources  of  energy  has  had  a  history 
extending  over  a  period  of  several  centuries,  most  of  the  developments 
during  this  entire  period  have  occurred  since  1900. 

A  much  better  perspective  of  the  state  of  human  affairs,  and  of  the 
prospects  for  the  future,  can  be  obtained  if  the  events  in  which  we  are 
concerned  are  regarded  on  a  time  scale  of  some  tens  of  thousands  of  years. 
On  such  a  scale,  the  quantities  whose  growth  with  respect  to  time  we  have 
been  considering— the  world's  human  population,  the  consumption  of 
energy  per  capita,  the  development  of  water  power,  and  the  exploitation  of  the 
energy  from  fossil  fuels— would  all  plot  as  curves  with  such  uniform  simi- 
larities as  to  be  almost  indistinguishable  from  one  another.  The  curve  of 
human  population,  for  example,  would  plot  as  a  nearly  horizontal  line  just 
above  zero  for  the  entire  period  of  human  history  until  the  last  thousand 
years  or  so.  Then  a  barely  perceptible  rise  would  begin  and,  as  the  present  is 
approached,  the  curve  would  turn  abruptly  upward  and  rise  nearly  vertically 
to  the  1969  world-population  figure  of  about  3.5  billions. 

The  curve  of  the  rate  of  energy  consumption  per  capita  would  behave  in  a 
similar  manner.  Beginning  with  the  biological  minimum  of  about  100 
thermal  watts  per  capita  represented  by  food,  this  curve  would  rise  very 
slowly  as  other  sources  of  energy— particularly  that  of  firewood— are 
added,  until  it  stabilized  at  about  500  thermal  watts  per  capita.  Then,  a  few 
centuries  before  the  present  when  the  exploitation  of  the  energy  from  coal 
and  of  the  power  from  water  and  wind  was  begun,  this  curve  too  would 
begin  a  slow  and  barely  perceptible  rise  until,  as  the  present  is  approached, 
il  also  would  turn  nearly  vertically  upward  to  a  height  of  about  10,000 
thermal  watts  per  capita,  which  is  the  present  average  for  the  United  States. 

The  curves  of  energy  production  from  the  fossil  fuels  would  behave  in  a 
similar  manner  except  that  in  the  very  recent  past  these  would  begin  at 
zero. 

Looking  into  the  future  on  the  same  time  scale,  and  assuming  that  a 
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catastrophic  event  such  as  the  near  annihilation  of  the  industriahzed  world 
by  thermonuclear  warfare  can  somehow  be  avoided,  the  physical  realities 
discussed  in  this  book  dictate  that  the  curve  of  human  population  must 
follow  one  of  three  possible  courses:  (1)  It  could  continue  to  rise  for  a  brief 
period  and  then  gradually  level  off  to  some  stable  magnitude  capable  of 
being  sustained  by  the  world's  energy  and  material  resources  for  a  long 
period  of  time;  (2)  it  could  overshoot  any  possible  stable  level  and  then 
drop  back  and  eventually  stabilize  at  some  level  compatible  with  the  world's 
resources;  or  (3),  finally,  as  a  result  of  resource  exhaustion  and  a  general 
cultural  decline,  the  curve  could  be  forced  back  to  a. population  corre- 
sponding to  the  lowest  energy-consumption  level  of  a  primitive  existence. 

The  one  type  of  behavior  for  this  curve  that  is  not  possible  is  that  of 
continued  and  unlimited  growth.  To  see  that  limits  do  exist,  one  need  only 
consider  that  if  the  present  world  population  were  to  be  doubled  but  15 
more  times,  there  would  be  one  man  for  each  square  meter  on  all  of  the  land 
areas  of  the  earth,  including  Antarctica,  Greenland,  and  the  Sahara  Desert. 
And  at  the  present  rate  of  growth,  this  would  require  but  525  more  years. 

Considering  the  other  curves  discussed  previously,  that  of  the  production 
of  the  fossil  fuels  would  continue  upward  for  a  brief  period,  and  would  then 
decline  about  as  abruptly  as  it  arose. 

To  sustain  a  high-energy-dependent  world  culture  for  a  period  much 
longer  than  a  few  centuries  requires,  therefore,  a  reliable  source  of  energy  of 
appropriate  magnitude.  The  largest  and  most  obvious  of  such  sources  is 
solar  radiation,  the  continuance  of  which  at  close  to  present  rates  may  be 
relied  upon  for  millions  of  years  into  the  future.  The  energy  from  solar 
radiation,  with  the  exception  of  that  fraction  manifested  as  water  power, 
does  not  offer  much  promise  as  a  means  of  large-scale  power  production, 
although  future  technology  may  circumvent  this  difficulty.  This  leaves  us 
with  nuclear  energy  as  our  only  remaining  energy  source  of  requisite  magni- 
tude. Although  the  earth's  resources  of  uranium  and  thorium,  and  of 
deuterium,  are  finite  and  therefore  exhaustible,  the  magnitudes  of  these 
resources  in  terms  of  their  potential  energy  contents  are  so  large  that  with 
breeder  and  fusion  reactors  they  should  be  able  to  supply  the  power  require- 
ments of  an  industrialized  world  society  for  some  millenia.  In  this  case,  the 
limits  to  the  growth  of  industrial  activity  would  not  be  imposed  by  a  scarcity 
of  energy  resources,  but  by  the  limitations  of  area  and  of  the  other  natural 
resources  of  a  finite  earth. 

It  now  appears  that  the  period  of  rapid  population  and  industrial  growth 
that  has  prevailed  during  the  last  few  centuries,  instead  of  being  the  normal 
order  of  things  and  capable  of  continuance  into  the  indefinite  future,  is 
actually  one  of  the  most  abnormal  phases  of  human  history.  It  represents 
only  a  brief  transitional  episode  between  two  very  much  longer  periods, 
each  characterized  by  rates  of  change  so  slow  as  to  be  regarded  essentially 
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as  a  period  of  nongrowth.  It  is  paradoxical  that  although  the  forthcoming 
period  of  nongrowth  poses  no  insuperable  physical  or  biological  problems, 
it  will  entail  a  fundamental  revision  of  those  aspects  of  our  current  economic 
and  social  thinking  which  stem  from  the  assumption  that  the  growth  rates 
which  have  characterized  this  temporary  period  can  be  permanent. 
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FOREWORD 


The  purpose  of  this  interim  report  of  the 
National  Commission  on  Materials  Policy  is  to 
serve  as  a  working  paper  for  those  interested  and 
involved  in  the  activities  of  the  Commission.  It 
provides  background  information  on  the  Commis- 
sion's assignment  and  tasks.  It  presents  statistical 
data  and  information  that  hopefully  will  provide 
a  common  base  for  the  deliberations  leading  to 
the  formulation  of  a  National  Materials  Policy. 


And  it  outlines  broadly  many  of  the  issues  that 
have  emerged  from  studies  to  date. 

Because  this  is  an  interim  report,  it  makes  no 
claim  to  completeness  or  finaUty.  The  gathering  of 
data  and  information  and  defining  of  issues  that 
will  be  continued  in  the  months  ahead  by  many 
groups  with  widely  diverse  interests,  will  un- 
doubtedly modify  the  report's  content.  This 
interim  report,  therefore,  should  be  considered 
as  only  a  beginning. 


95-852   O  -  73  -  48 
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INTRODUCTION 


We  live  in  a  world  of  materials.  Our  shelter, 
clothing,  and  all  the  tools  and  products  of  our 
civilization  are  composed  of  natural  and  man-made 
materials.  Twenty  percent  of  the  Nation's  econo- 
my is  engaged  in  providing  materials  and  energy 
in  usable  form  to  society.  Because  of  this  pervasive 
importance  of  materials,  the  development  of 
national  policies  to  assure  adequate  future  supplies 
and  proper  use  of  materials  should  be  a  key  ele- 
ment in  the  Nation's  planning  efforts. 

In  the  past,  relativelj-  little  attention  has  been 
given  to  our  national  materials  problems.  Because 
the  North  American  continent  seemed  to  have 
been  blessed  with  boundless  resources,  our  nation 
has  taken  materials  for  granted  and  has  assumed 
that  the  sources  of  our  materials  and  energy  are 
infinite. 

However,  based  on  our  knowledge  now  of  need- 
trends  and  of  readily  accessible  supplies,  we  must 
reassess  our  long-standing  attitudes,  assumptions 
and  policies  on  materials.  The  nation's  vigorous 
industrial  and  economic  growth  over  the  past 
century  has  resulted  in  the  highest  standard  of 
living  in  the  world.  Our  complacency,  however, 
has  resulted  in  our  failure  to  develop  new  mate- 
rials sources  as  fast  as  required  by  the  economy. 
As  a  consequence,  the  United  States  is  increasingly 
dependent  upon  foreign  sources.  Today  we  are 
actively  competing  with  the  other  industrial  na- 
tions of  the  world  for  the  presently  known  and 
available  low  cost  resources.  At  the  same  time,  the 
developing  nations,  too,  are  seeking  increasing 
quantities  of  raw  materials  as  they  industrialize 
and  attempt  to  raise  their  populations  above  the 
levels  of  mere  subsistence. 

Thus,  if  this  country  is  to  continue  to  prosper 
and  if  the  standard  of  living  of  the  presently  under- 
developed areas  of  the  world  is  to  be  raised  to 
even  a  fraction  of  that  enjoj'ed  by  the  peoples  in 
the  industrial  nations,  a  many-fold  increase  in 
raw  materials  supplies  will  be  needed  in  the  years 
ahead. 

But  our  concern  with  materials  does  not  end 
with  the  question  of  adequate  supplies  for  future 
generations.    The   new   factor    of   environmental 


quality  has  now  been  added  to  the  equation.  As 
more  and  more  raw  materials  are  extracted  from 
the  earth  and  processed  and  then  consumed  as 
products,  more  and  more  waste  materials  are 
produced  and  threaten  to  degrade  the  environ- 
ment. Also,  our  production  and  consumption 
system,  operating  largely  on  a  one-time-use-of- 
materials  basis,  generates  additional,  large  quan- 
tities of  waste.  While  some  of  the  wastes  gradu- 
ally return  to  nature,  a  large  share  of  them 
remain  for  long  periods  of  time  to  degrade  the 
environment  if  left  untreated. 

Over  the  past  decade,  it  has  become  increas- 
ingly evident  that  we  must  find  ways  to  establish 
an  acceptable  balance  between  materials  needs 
and  environmental  quahty.  And  it  is  likewise 
clear  that  we  must  shift  from  the  use  and  discard 
approach  toward  a  closed  cycle  of  use,  salvage, 
reprocess,  and  reuse,  not  only  to  preserve  our 
environment,  but  also  to  extend  our  raw  materials 
supplies. 

Finally,  as  stated  in  the  Foreword,  this  report 
is  only  the  beginning  of  the  process  that  will  lead 
to  a  recommended  national  materials  poUcy. 
Because  materials  occupy  such  a  preeminent  posi- 
tion in  our  civilization,  their  supply  and  use  influ- 
ence and  are  influenced  by  a  wide  range  of  forces 
in  our  world  system.  These  will  require  definition, 
discussion  and  analysis.  Perhaps  the  most  im- 
portant of  these  related  factors  are  the  rate  of 
population  and  economic  growth.  Besides,  these 
there  are  many  other  social,  cultural,  pohtical 
and  economic  forces  interacting  with  the  materials 
production-use-disposal  cycle.  In  addition,  present 
and  potential  shifts  in  national  goals  and  priori- 
ties must  be  taken  into  account.  Thus,  besides 
concern  with  the  environment,  the  new  emphasis 
in  such  areas  as  urban  renewal,  housing,  trans- 
portation, medical  care,  and  consumer  services, 
will  have  a  strong  impact,  not  only  on  materials 
supply,  but  also  on  the  kinds  of  materials  that 
will  be  needed  in  the  years  ahead.  As  the  work  of 
the  Commission  proceeds,  issues  in  these  broad 
sectors  will  emerge  and  will  have  to  be  studied  in 
the  light  of  future  reahties. 
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ESTABLISHMENT  AND  OBJECTIVES  OF  THE  COMMISSION 


To  develop  national  policies  that  will  assure 
adequate  future  materials  supplies  while  main- 
taining an  acceptable  environmental  qualitA'  level, 
the  National  Commission  on  Materials  Policj-  was 
established  by  Congress  under  Title  II  of  the 
Resource  Recovery-  Act  of  1970  (called  the 
National  Materials  Policy  Act). 

The  Commission  has  a  direct  precedent  in  a 
previous  Materials  Policy  Commission,  which 
issued  its  report,  "Resources  for  Freedom,"  in 
1952.  Although,  the  report  was  widely  recognized 
for  its  far-reaching  recommendations,  it  failed  to 
generate  significant  legislative  action. 

The  events  that  lead  to  the  present  Commission 
began  in  July  1967  when  the  Legislative  Refer- 
ence Service  of  the  Library  of  Congress  was  asked 
to  undertake  a  study  of  the  relation  of  materials  to 
the  problems  of  solid  waste  disposal.  A  report, 
"Availability,  Utilization,  and  Salvage  of  In- 
dustrial Materials,"  came  out  of  this  initial  study. 
Subsequently,  an  ad  hoc  committee  of  ma- 
terials experts,  organized  to  examine  in  more 
detail  the  need  for  a  national  materials  policy, 
issued  a  report,  "Toward  a  National  Materials 
Policy,"  that  recommended  the  creation  of  a  Na- 
tional Commission  on  Materials  PoUcj-.  Legis- 
lation to  estabUsh  such  a  commission  was  intro- 
duced in  the  Senate  as  an  amendment  to  pending 
solid  waste  legislation  in  September  1969.  This 
legislation  became  law  in  October  1970.   ' 

The  general  objective  and  assignment  of  the 
Commission  is  stated  in  the  act  as  follows; 

"It  is  the  purpose  of  this  title  to  enhance  en- 
vironmental quality  and  conserve  materials  by 
developing  a  national  materials  policy  to  utilize 
present  resources  and  technology  more  efRcientlj-, 
to  anticipate  the  future  materials  requirements  of 
the  Nation  and  the  world,  and  to  make  recom- 
mendations on  the  supply,  use,  recovery,  and 
disposal  of  materials." 


The  act  goes  on  to  spell  out  the  Commission's 
tasks  in  somewhat  more  detail: 

"The  Commission  shall  make  a  full  and  complete 
investigation  and  study  for  the  purpose  of  de- 
veloping a  national  materials  policy  which  shall 
include,  \vithout  being  limited  to,  a  determination 
of— 

(1)  National  and  international  materials  re- 
quirements, priorities,  and  objectives,  both  cur- 
rent and  future,  including  economic  projections; 

(2)  The  relationship  of  materials  policj'  to : 

(A)  National    and    international    popu- 
lation size,   and 

(B)  The  enhancement  of  environmental 
quality; 

(3)  Recommended  means  for  the  extraction, 
development,  and  use  of  materials  which  are 
susceptible  to  recycling,  reuse,  or  self  destruction, 
in  order  to  enhance  environmental  quality  and 
conserve  materials; 

(4)  Means  of  exploiting  existing  scientific 
knowledge  in  the  supply,  use,  recovery,  and 
disposal  of  materials  and  encouragittg  further 
research  and  education  in  this  field; 

(5)  Means  to  enhance  coordination  and  coopera- 
tion among  Federal  departments  and  agencies  in 
materials  usage  so  that  such  usage  might  best 
serve  the  national  materials  policy; 

(6)  The  feasibility  and  desirability  of  estab- 
lishing computer  inventories  of  national  and 
international  materials  requirements,  supplies, 
and  alternatives;  and 

(7)  Which  Federal  agency  or  agencies  shall  be 
assigned  continuing  responsibility  for  the  imple- 
mentation of  the  national  materials  policj." 

For  the  Commission's  purposes,  the  act  defines 
materials  as  ".  .  .  natural  resources,  intended 
to  be  utilized  by  industry  for  the  production  of 
goods,  with  the  exclusion  of  foods."  The  Com- 
mission's interpretation  of  its  scope  also  includes 
energy  materials  and  water. 
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INTEREST  SECTORS 


In  order  to  develop  a  comprehensive  national 
materials  policy,  the  Commission  is  seeking  and 
enUsting  the  aid  of  many  diverse  groups.  Seven 
sectors  of  American  society  have  been  identified  as 
having  significant  interests  in  materials.  They  are 
consumers,  all  levels  of  governments,  industry, 
environmentalists,  academia,  the  science  and  tech- 
nology community,  and  labor.  The  Commis- 
sion is  working  with  all  of  these  groups  in  a  co- 
operative effort  to  understand  their  role  and 
interests  in  materials,  to  elicit  their  views,  and  to 
take  into  consideration  their  positions  in  the 
policy  formulation  process. 

In  the  Government  sector,  the  Commission  has 
formed  an  Interagency  Steering  Committee  com- 
posed of  representatives  from  all  Federal  depart- 
ments and  agencies  having  interests  and 
responsibilities  in  the  materials  area.  The  indivi- 
dual agencies,  acting  through  the  steering  com- 
mittee, have  provided  the  basic  supply/demand 
data  contained  in  this  interim  report.  They  also 
are  identifj'ing  major  materials  problems  facing 
the  country  and  the  world.  Industry,  through  a 
number  of  trade  associations,  is  identifying  the 
major  materials-related  issues  facing  their  respec- 
tive industries  now  and  in  the  future  and,  where 
possible,  is  suggesting  possible  solutions.  Organized 


labor,  through  the  AFL/CIO,  has  been  asked  to 
develop  a  mechanism  that  will  present  labor's 
knowledge  and  views  on  industrial  materials. 

The  academic  community  will  provide  its  input 
through  a  series  of  eight  regional  forums  to  be  held 
in  the  spring  of  1972  at  eight  prominent  univer- 
sities. Experts  from  various  disciphnes,  such  as 
materials  scientists,  materials  engineers,  political 
scientists,  ecologists,  and  industrial  managers, 
will  debate  selected  major  issues  and  develop 
policy  recommendations.  And  the  science  and 
technology  communitj',  through  the  National 
Materials  Advisory  Board  of  the  National  Re- 
search Council  of  the  National  Academies  of 
Sciences  and  Engineering,  is  working  with  the 
Commission  on  designated  problems  of  materials 
policy. 

To  cover  the  environmental  aspects  of  the 
Commission's  work,  responsible  environmental 
groups  and  spokesmen  are  being  asked  to  partici- 
pate to  assure  that  the  vital  national  and  world 
interests  in  maintaining  a  high  quality  environ- 
ment are  given  due  consideration.  And,  finally,  the 
Commission  is  developing  approaches  to  con- 
sumers, the  fulfillment  of  whose  needs  and  interests 
is  one  of  the  principle  objectives  in  the  formulation 
of  any  national  materials  policy. 


THE  NATION'S  MATERIALS  NEEDS  AND  SUPPLIES 


The  factual  or  data  base  for  the  discussions 
and  deliberations,  which  will  lead  to  the  formula- 
tion of  a  materials  policy,  are  contained  in  the 
appendices  to  this  report.  Summaries  of  demand/ 
supply  projections  on  the  major  families  of  mate- 
rials are  given  in  Appendi.x  A,  and  the  supporting 
data  tables  are  given  in  Appendix  B.  The  sum- 
maries and  data  are  taken  from  information  and 
projections  furnished  by  the  Department!^  of 
Interior,  Commerce,  and  Agriculture,  and  i.ie 
Atomic  Energy  Commission.  Some  information 
on  recovery  and  recycling  of  nonferrous  metals 
was  obtained  from  an  unpublished  study  con- 
ducted by  the  National  Association  of  Secondary 
Material  Industries  for  the  Environmental  Pro- 
tection Agency.  (Principal  research  by  Battelle 
Memorial  Institute,  Columbus,  Ohio). 

The  projections  are  carried  out  to  the  year 
2000.  Admittedly,  in  our  rapidly  changing  world 
it  is  difficult  to  see  ahead  accurately  even  one  or 
two  years.  Nevertheless,  for  planning  purposes,  it 


is  necessary  to  postulate  future  conditions  in 
order  to  formulate  poUcies.  However,  when  review- 
ing or  using  the  summaries  and  data,  it  should  be 
remembered  that  they  do  not  represent  a  probable 
forecast  of  the  future,  but  strictly  a  set  of  projec- 
tions suitable  as  bench  marks  against  which  the 
effects  of  possible  changes  in  policies  and  economic 
conditions  can  be  considered.  They  provide  a 
means  of  defining  the  problems  and  identifjang 
the  areas  in  which  corrective  actions  may  be 
needed. 

It  is  clearly  evident  from  the  commodity 
summaries  and  the  projections  that  in  the  case  of 
a  majority  of  our  basic  materials,  the  gap  between 
our  requirements  and  the  remaining  easily  ac- 
cessible world  suppUes  is  widening.  The  data 
further  indicates  that  our  rehance  on  foreign 
supplies  is  steadily  increasing.  Except  for  a  short 
period  during  World  War  I,  we  were,  on  balance, 
a  net  exporter  of  minerals  until  shortly  before 
World  War  II.  Since  then,  with  minor  exceptions. 
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we  have  imported  far  more  minerals  than  we  have 
e.xported.  This  annual  deficit  has  increased  steadilj' 
during  the  last  20  years  until  in  1970  our  imports 
of  all  minerals  were  valued  at  ahout  $9  billion 
while  exports  were  about  $5  billion,  a  net  deficit 
of  about  $4  billion.  If  trends  of  the  past  20  j^ears 
continue  to  the  j-ear  2000,  this  deficit  could  grow 
to  over  $60  billion  a  year. 

In  1970  we  imported  all  of  our  primarj-  require- 
ments for  chromite,  Columbian,  mica,  rutile,  tan- 
talum, and  tin ;  more  than  90  percent  of  our  alumi- 
num, antimony,  cobalt,  manganese,  and  platinum; 
more  than  half  of  our  asbestos,  beryl,  cadmium, 
fluorspar,  nickel,  and  zinc;  and  more  than  a  third 
of  our  iron  ore,  lead,  and  mercury. 

As  the  accompanjang  table  shows,  world  pro- 
duction of  31  minerals  (the  principal  minerals 
entering  into  world  inyjott-export  trade)  increased 
from  $37.1  billion  1968  U.S.  dollars  in   1950  to 


$77.4  bilUon  in  1968  (later  figures  not  yet  avail- 
able), while  production  of  these  same  minerals  in 
in  the  United  States  increased  only  from  $14.2 
billion  to  $18.5  billion.  However,  during  the  same 
period  U.S.  consumption  of  these  minerals  in- 
creased from  $15.5  billion  to  $21.6  billion.  Thus, 
while  If.S.  consumption  increased  nearly  40  per- 
cent in  absolute  terms,  our  consumption  of  total 
world  production  declined  from  42  percent  in  1950 
to  28  percent  in  1968. 

The  unmistakable  conclusion  reflected  in  the 
data  and  commodity  summaries  is  that  as  the 
Nation's  needs  continue  to  grow  and  as  per 
capita  consumption  of  materials  in  other  coun- 
tries increases  at  an  even  faster  rate  than  ours,  it 
becomes  increasingly  difficult  for  the  United 
States  to  fill  its  ever-growing  deficit  bj-  imports, 
even   at   increasing   prices. 


World  Production  and  Consumption  of  Selected  '  Minerals 
(Values  in  Billions  of  1968  U.S.  Dollars) 


Production 

Consu 

Tiption 

World 

United  States 

Rest  of  the  World 

United  States 

Rest  of  the  World 

Dollars 

Dollars 

Percent 

Dollars 

Percent 

Dollars 

Percent 

Dollars 

Percent 

1950 
1953 
1958 
1963 

37.1 
46.6 
61.0 
66.6 
77.4 

14.2 
16.5 
16.7 
16.8 
18.5 

38.2 
35.5 
27.3 
25.3 
23.9 

22.9 
30.1 
44.3 
49.8 
58.9 

61.8 
64.5 
72.7 
74.7 
76.1 

15.6 
18.5 
18.5 
19.4 
21.6 

41.9 
39.7 
30.4 
29.1 
27.9 

21.6 
28.1 
42.4 
47.2 
55.8 

58.1 
60.3 
69.6 
70.9 

1968 ,... 

72.1 

1  Asbestos 
Bauxite 
Borates 
Chromite 
Coal 
Copper 
Diamond 
Fluorspar 


Gold 

Iron 

Kaolin 

Lead 

Magnesite 

Manganese 

Mercury 

Molybdenum 


Natural  Gas 

Silver 

Natural  Gas  Liquids 

Sulfur 

Nickel 

Talc 

Petroleum 

Tin 

Phosphates 

Tungsten 

Platinum 

Uranium 

Potash 

Zinc 

Salt 
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THE  ENVIRONMENT  AND  RECYCLING 


The  conflicts  between  materials  availability 
and  environmental  quality  can  occur  in  two 
areas: 

(1)  Acquisition  of  Materials 

(2)  Waste  Disposal 

The  first  of  these  pertains  to  where  and  how 
natural .  resources  are  to  be  obtained.  Conflicts 
between  economic  and  materials  needs  and  values 
on  the  one  hand  and  environmental  quality 
on  the  other,  often  arise  in  the  determination 
of  what  purpose  the  land,  water  or  air  shall 
serve.  And  if  this  decision  process  is  faulty,  the 
environment,  industry  and  the  public  can  suffer. 
Examples  of  environmental  concerns  are  where 
and  how  timber  is  to  be  cut,  where  strip  mining 
shall  be  allowed,  and  where  gravel  pits  shall  be 
developed. 

Waste  disposal  can  result  in  three  forms  of 
pollution:  (1)  air,  (2)  water,  and  (3)  solid  waste. 
Waste  can  occur  at  any  point  in  the  materials 
cycle.  For  example,  when  coal  is  extracted  from 
the  earth,  it  creates  solid  waste.  Later,  when  the 
coal  is  burned  by  an  industrial  plant,  sulfur 
oxides  are  emitted  into  the  air.  When  gasoline 
is  used  to  propel  a  vehicle,  its  unmodified  com- 
bustion adds  pollutants,  such  as  hydrocarbon  and 
carbon  monoxide,  to  the  air.  The  final  disposal 
of  municipal  waste  creates  air  pollution  and  sohd 
waste.  Likewise,  as  materials  are  extracted, 
processed,  consumed,  and  discarded,  the  environ- 
ment can  be  degraded. 

The  gro\ving  technology  and  affluence  of  the 
American  society  has  increased  the  amount  of 
solid  waste  generated  per  person  per  day.  Waste 
collection  in  urban  areas  of  the  United  States  has 
increased  from  2.75  pounds  per  person  per  day  in 
1920  to  5  pounds  in  1970.  The  character  of  the 
waste  has  also  changed  to  one  containing  in- 
creasing amounts  of  non-biodegradable  materials. 


The  total  solid  waste  produced  in  the  United 
States  in  1969  is  shown  in  the  accompanying 
table. 


Million 
tons 

Residential,    commercial 
waste 

and 

institutional 

250 

Collected,  (190). 

Uncollected,  (60). 

Industrial  waste 

110 
1,700 

Agricultural  waste 

2,280 

Total 

4,340 

Source:  "Environmental  Quality,"  The  First  Annual  Report  of  the 
Council  on  Environmental  Quality,  August  1970. 

Secondary  processing,  i.e.,  recycling  of  materials 
after  end-use  and  reclamation  of  waste  prior  to 
end-use,  plays  a  major  role  in  attaining  both  goals 
of  enhancing  environmental  quality  and  con- 
serving materials  for  more  effective  utilization  of 
our  natural  resources.  Therefore,  the  Commission 
has  drawn  up  a  list  of  key  materials  for  intensive 
study  of  ways  to  improve  and  increase  their 
recycling.  The  metals  are  iron  and  steel  and  their 
major  alloying  elements  chromium  and  nickel, 
and  the  nonferrous  metals  aluminum,  copper,  lead, 
magnesium,  zinc,  and  precious  metals.  Key  non- 
metalhc  materials  are  glass,  oil,  paper,  plastics, 
rubber  and  textiles.  Municipal  and  industrial 
waste  as  well  as  certain  consumer  wastes,  such  as 
junked  automobiles,  will  receive  special  attention. 

In  the  commodity  summaries.  Appendix  A,  the 
current  status  in  recycUng  and  recovery  of  these 
key  materials  is  discussed.  Also,  covered  are  the 
present  and  future  environmental  problems,  in- 
cluding land  use  and  waste  disposal,  that  will 
require  study  by  the  Commission. 
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MATERIALS  ISSUES  AND  PROBLEMS 


In  order  to  carry  out  its  assignment  of  devel- 
oping a  national  policy  that  will  assure  adequate 
materials  supplies  without  seriously  impairing  the 
environment,  manj-  complex  problems  and  issues 
must  be  defined  and  studied.  It  is  not  possible  to 
set  down  a  complete  list  of  them  at  this  time. 
However,  from  discussions  with  the  various  inter- 
est sectors,  referred  to  earUer,  a  selection  of  what 
are  thought  to  be  the  most  important  materials 
issues  was  compiled.  They  are  given  below.  Other 
important  issues  gro\ving  out  of  economic,  social 
and  future  world  conditions  that  affect  materials 
demand  and  use  will  be  treated  as  the  Commis- 
sion's work  progresses. 

Domestic  Materials  Resources 

a.  How  eflfective  is  our  national  policy  to  foster 
and  encourage  private  enterprise  in  the  orderly 
and  economic  development  of  domestic  mineral 
and  energy  resources  and  reserves? 

b.  What  conditions,  including  other  national 
goals,  exist  which  tend  to  discourage  resource 
exploration  and  development?  How  can  those 
apparent  conflicts  be  reconciled? 

c.  Is  it  in  our  national  interest  for  domestic 
industry  to  continue  to  import  raw  materials,  at 
increasing  rates?  Should  the  government  encourage 
and  support  the  production  of  higher-cost  domestic 
materials? 

d.  To  what  extent  should  higher-cost  domestic 
industries  be  supported  in  the  name  of  national 
defense?  Which  industries? 

e.  How  can  we  best  coordinate  our  efforts  to 
preserve  and  improve  the  quality  of  our  environ- 
ment in  an  atmosphere  supportive  to  exploration, 
investment,  research,  and  technological  develop- 
ment in  the  production  and  usage  of  materials? 

f .  To  what  extent '  are  the  growing  real  costs 
of  materials  the  results  of:  declining  grades  of 
reserves,  insufficient  investment  in  technologj', 
or  rising  capital  and  other  costs?  To  what  extent 
are  the  rising  costs  the  result  of  continuing  in- 
creases in  construction  and  production  labor  costs 
without  conamensurate  increases  in  productivitj-? 
What  national  policies  and  programs  are  needed 
to  stimulate  improvements  in  labor  productivity? 
Foreign  Materials  Sources 

a.  To  what  extent  should  imports  be  encouraged? 
For  which  materials? 


b.  IJow  can  the  need  to  import  raw  materials 
be  reconciled  with  the  national  concern  with  the 
deteriorating  balance  of  trade? 

c.  What  mechanisms  are  available  or  can  be 
developed  to  improve  the  reliability  of  our  access 
to  necessary-  foreign  supplies? 

d.  How  can  the  security  of  United  States  in- 
vestments in  foreign  supply  sources  be  improved? 

e.  What  laws,  regulations,  antitrust  restrictions, 
and  other  governmental  practices  tend  to  place 
American  firms  at  competitive  disadvantages  vis- 
a-vis their  foreign  counterparts? 

f.  How  significant  are  foreign  cartels,  subsidies, 
tariffs,  nontariff  trade  barriers,  and  other  foreign 
practices? 

g.  Conversely,  what  domestic  practices  exist 
which  tend  to  give  domestic  industry  comparative 
advantages? 

Recycling 

What  are  the  impediments  and  incentives  to  an 
expanded  role  for  recycling  in  our  materials 
system : 

a.  What  programs  are  needed  to  encourage  the 
development  of  more  efficient  market,  distribution, 
collection    and    sorting    systems? 

b.  To  what  extent  are  transportation  rate 
structures  deterrents? 

c.  What  can  State  and  local  authorities  do  to 
encourage  the  development  of  recycling? 

d.  What  taxes,  zoning,  licensing,  legislation,  and 
other  governmental  activities  tend  to  impede 
recycling? 

e.  How  can  we  facilitate  the  development  of 
new  products  and  markets  for  recycled  materials, 
and  does  government  have  a  role? 

f.  How  can  the  concept  of  recyclibility  be  built 
into  the  total  product  system  from  design  through 
use  and  disposal? 

g.  Should  Federal  procurement  policies  and 
specifications  be  re\'ised  to  provide  incentives  for 
recovering  and  utilizing  solid  waste  materials? 

h.  What  Federal  policies  and  what  initiatives  in 
the  private  sector  are  needed  to  stimulate  pro- 
gressive and  effective  economic  and  technology- 
oriented  research  and  development  programs? 

i.  What  Federal  and  other  programs  are  needed 
to  make  the  American  consumer  understand  the 
economic  significance  of  recycling  and  its  relation- 
ship to  environmental  control  and  prudent  re- 
source  management? 
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Federal  Stockpile 

What  role  should  the  federal  stockpile  of 
strategic  and  critical  materials  play  in  the  ma- 
terials supply  picture: 

a.  Should  the  stockpile  be  used  to  stabilize  or 
moderate  the  wide  fluctuations  in  the  materials 
market? 

b.  If  our  stockpiles  should  not  be  used  as  a 
market  regulator,  how  can  disposals  and  acquisi- 
tions be  handled  with  a  minimum  of  market 
disruption? 

c.  To  what  extent  is  the  lack  of  clearly  enun- 
ciated disposal  plans  a  disruptive  factor? 

Research  and  Technology 

a.  To  what  extent  should  Government  foster 
applied  research  and  development  programs  in 
materials? 

b.  Are  the  present  levels  of  activity  and  types 
of  programs  appropriate? 

c.  What  types  of  incentives  are  needed  to 
increase  and  redirect  R&D  programs? 

d.  What  are  the  relationships  between  materials 
technologies  here  and  abroad?  Are  we  falling 
behind?  Where  are  the  problem  areas? 


e.  What  role  should  Government  play  in  stimu- 
lating domestic  investment  in  new  technologies? 
Wliat  are  the  obstacles  to  capital  investment? 
What  Government  programs  and  incentives  are 
needed  to  overcome  these  obstacles? 

Manpower 

What  manpower  problems  confront  the  ma- 
terials industries  as  related  to: 

a.  Shortage  of  underground  miners? 

b.  Skill  problems? 

c.  Technical  education? 

d.  Roles  of  Government,  organized  labor,  and 
management  in  training  activities? 

Government  agencies 

a.  What  conflicting  policies  and  programs  of 
different  arms  and  agencies  of  Government 
tend  to  be  offsetting  or  counterproductive  to  a 
national  materials  policy? 

b.  How  can  these  be  more  clearly  defined  and 
admmistered? 

« 

It  is  hoped  that  the  above  list  will  serve  as  the 
basis  for  debate  and  discussion,  and  that  interested 
groups  and  individuals  will  transmit  their  views 
to  the  Commission. 
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IRON 

Supply  and  demand. — The  total  demand  for 
iron  (contained  iron)  is  made  up  of  iron  in  ore, 
net  imports  of  steel  mill  products,  and  purchased 
scrap,  excluding  scrap  recirculated  in  the  plant. 
In  1970,  117  million  tons  of  iron  were  consumed 
to  produce  91  million  tons  of  steel  mill  products, 
and   17  million  tons  of  iron  and  steel  castings. 

In  this  study  a  2.1  percent  annual  growth  rate 
for  iron  demand  is  projected.  It  is  assumed  that 
the  demand  for  iron  in  relation  to  finished  prod- 
ucts will  decline  somewhat  with  anticipated 
improvements  in  steelmaking  technology,  such  as 
continuous  casting,  and  with  growing  efficiency 
in  steel  use,  such  as  high-strength  low  alloy  steel 
to  replace  ordinary  steel. 

Growing  imports  of  finished  steel  and  steel 
containing  products  lessen  the  domestic  demand 
for  primary  and  secondary  iron.  Competition 
for  steel  markets  by  other  materials,  such  as 
aluminum,  plastics,  and  concrete  also  may 
diminish  the  demand.  Conservation  of  Iron 
in  consumer  and  industrial  products  through 
better  surface  protection,  improved  wear  and 
attrition  characteristics,  more  skillful  product 
design  and  longer  usable  life  may  each  contribute 
to  a  lower  iron  demand. 

Domestic  ore  supplies  about  65  percent  of  the 
primary  demand  for  iron  with  the  balance  largely 
supplied  by  Canada  and  Venezuela.  About  80 
percent  of  domestic  iron  ore  comes  from  the  Lake 
Superior  district  largely  from  lower  grade  taconites 
concentrated  to  a  high  quality  pellet  and  used 
almost  entirely  for  the  production  of  pig  iron  or 
hot  metal. 

In  1950  domestic  ore,  containing  55  million  tons 
of  iron,  represented  about  40  percent  of  world 
production.  By  1970  the  domestic  production  of 
60  million  tons  of  iron  was  less  than  13  percent  of 
world  production.  Over  the  same  time  period  im- 
ports of  iron  ore  have  increased  from  9  percent 
to  almost  40  percent  of  domestic  demand  for 
primary  iron. 

Purchased  scrap  for  steel  production  suppHes 
about  30  percent  of  the  iron  demand.  Purchased 
scrap  has  been  more  than  needed  and  as  much  as 
10  milUon  tons  were  exported  in  1970. 

Technological  advances  in  the  steel  industry 
are  constantly  changing  the  3rield  of  steel  from 
raw  materials  and   affecting  the  proportions  of 


scrap  and  ore  consumed.  These  trends  are  reflected 
in  the  projections. 

Reserves. — Domestic  reserves  of  iron  ore  have 
been  estimated  at  2  billion  short  tons  of  contained 
iron,  with  an  additional  16  biUion  tons  of  higher 
cost  potential  reserves.  These  reserves  consist 
mainly  of  low-grade  ores  of  the  taconite  type. 

World  reserves  of  iron  ore  are  more  than 
adequate  through  the  balance  of  the  century 
reflecting  new  discoveries  and  improved  technol- 
ogy. These  reserves  are  dispersed  throughout  the 
world,  with  major  concentrations  in  Canada, 
Brazil,  AustraUa,  and  Russia. 

Recovery  and  recycling. — The  iron  recovered 
from  the  scrap  generated  in  iron  and  steel  pro- 
duction and  in  consuming  plants  is  of  high  order, 
because  it  is  clean  and  easily  segregated  from 
other  metals.  Obsolete  scrap,  available  from  waste 
and  discard,  presents  the  most  difficult  problems  of 
iron  recovery  and  recycling.  Obsolete  scrap  from 
structures  and  heavy  equipment  may  be  recovered 
easily  and  sometimes  can  be  reused  rather  than 
recycled. 

Environment. — Environmental  problems  associ- 
ated with  the  production  of  iron,  from  the  mining 
of  ore  to  recovery  from  scrap,  are  ubiquitous, 
pervasive,  and  massive  in  size.  The  tonnage  of 
iron  moving  in  the  economy  is  10  times  the  ton- 
nage of  all  other  base  metals  combined.  The  annual 
production  of  almost  60  million  tons  of  iron  in  ore, 
requiring  the  mining  or  removal  of  380  milUon 
tons  of  material  creates  problems  in  land  use, 
waste  disposal,  restoration  of  the  landscape,  and 
transportation  of  ore  to  the  point  of  use. 

Discarded  iron  and  steel  products,  such  as 
used  cars,  tin  cans,  and  household  appUances, 
pose  environmental  problems.  Scrap  processing 
plants  have  air  and  noise  pollution  as  well  as 
esthetic  problems.  Air,  water,  and  waste  disposal 
problems  beset  the  entire  process  of  iron  and  steel- 
making  from  ore  to  shipped  steel  products. 
Air  pollution  problems  are  associated  with  blast 
furnace,  coke  plant  and  steel  melting  operations, 
and  captive  power  plants.  Water  problems  arise 
from  the  discharge  of  large  volumes  of  cooling 
water  and  from  the  disposal  of  waste  products, 
such  as  spent  liquors  and  used  oil.  Solid  waste 
problems  include  disposal  of  mine  overburden, 
concentrate  tailings,  sludges,  slags,  and  dust  from 
air  pollution  control  devices. 
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U.S.  iron     Demand  and  Supply 
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CHROMIUM 

Supply  and  demand. — The  major  consumer  of 
primary  chromium  is  the  metallurgical  industry 
(65  percent)  followed  by  the  refractory  and 
chemical  industries.  In  the  metallurgical  industry, 
the  production  of  stainless  steel  accounts  for 
nearly  70  percent  of  the  overall  demand,  including 
secondary  chromium  largely  recycled  in  stainless 
production. 

Growth  in  total  demand  for  chromium  to  the 
year  2000  has  been  projected  at  2.9  percent  per 
year,  with  metallurgical  uses  at  3.8  percent  per 
year,  chemical  uses  at  2.4  percent  and  refractory 
uses  declining.  Anticipated  advances  in  steel- 
making  will  increase  the  recovery  and  conserva- 
tion of  chromium  in  the  melt  cycle,  lessen  the 
demand  for  low  carbon  ferrochromes,  and  increase 
the  demand  for  high  carbon  ferrochromes  made 
from  lower  grade  ores. 

There  are  few,  if  any,  alternate  elements  for 
chromium  in  many  of  its  uses  at  comparable  costs, 
particularly  where  corrosion  or  oxidation  resistance 
is  needed  over  a  wide  range  of  temperatures. 
Chromium,  along  with  other  alloying  elements 
used  primarily  to  enhance  strength  in  steel,  may 


be  conserved  to  some  extent  by  more  extensive 
heat  treatment  or  the  use  of  special  hardening 
agents  such  as  boron.  The  use  of  chromium  oxide 
for  refractories  is  expected  to  continue  declining 
as  open  hearth  steelmaking  is  phased  out  in  favor 
of  the  BOF  and  electric  furnaces. 

All  of  the  U.S.  supply  of  chrome  ore  is  obtained 
from  offshore  sources  including  Russia,  Republic 
of  South  Africa,  Turkey,  and,  before  the  U.N. 
sanctions,  Rhodesia.  Domestic  production  of 
chrome  ore  ceased  in  1961  and  present  outlook  is 
dim  for  any  future  production.  Imports  of  chrome 
ore  in  1970  totaled  1.4  million  short  tons.  Russia 
supplied  33.5  percent  and  Republic  of  South 
Africa,  29  percent.  Russia  supplied  62  percent  of 
our  high  grade  metallurgical  ore  in  1970  because 
of  the  restrictions  on  Rhodesian  ore. 

Chromium  ferroalloys,  chromium  metal  and 
chemicals  are  all  items  of  import  and  affect  domes- 
tic production  from  ore.  Chromium  ferroalloys 
imported  from  Finland  and  the  Republic  of  South 
Africa  were  produced  from  local  ores,  but  ferro- 
alloy imports  from  the  other  countries  of  West 
Europe  and  Japan  were  produced  from  imported 
ores. 
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U.S.  Chromium     Demand  and  Supply 
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Technological  changes  in  stainless  steel  produc- 
tion will  permit  the  greater  use  of  high-carbon 
ferrochromes  of  lower  chromium  content,  thus 
moderating  the  demand  for  high  grade  metallur- 
gical ore  and  allowing  greater  use  of  the  more 
extensive,  lower  grade  South  African  ores.  Coun- 
tries with  large  chrome  ore  deposits,  such  as 
Republic  of  South  Africa,  Turkey,  and  Rhodesia, 
are  rapidly  expanding  their  ferrochromium  pro- 
duction capabilities  and  can  be  expected  to  favor 
exports  of  ferroalloy  over  chrome  ore. 

Present  government  stockpiles  of  chromium 
consisting  of  ore,  ferroalloy  and  metal  are  in 
excess  of  national  stockpile  objectives  and  the 
excess  subject  to  disposition. 

Reserves. — Domestic  sources  have  never  been 
of  suitable  quality  to  supply  chromium  econom- 
ically. The  only  large  known  deposit  is  the  Still- 
water complex  in  Montana.  World  reserves  of 
chromium  are  very  large  and  are  predominately 
in  the  Republic  of  South  Africa  and  Rhodesia. 

Recovery  and  recycling. — Stainless  steel  scrap 
is  the  only  sizeable  source  of  secondary  chromium 


largely  in  the  form  of  revert  and  prompt  industrial 
scrap.  Obsolete  stainless  scrap  is  difficult  to  collect, 
classify  and  clean.  Stainless  steel  scrap  containing 
nickel,  and  nickel  and  cobalt  base  alloys  contain- 
ing chromium,  are  amenable  to  high  chromium 
recovery  because  of  the  other  high  value  elements 
recovered  concurrently. 

Chromium  contained  in  some  alloy  steels,  in 
chrome  plated  products,  and  in  hard  surfaced 
products,  is  largely  not  recoverable  with  present 
technology.  Some  chromium  does  reappear  as  a 
residual  in  steel  made  from  appreciable  amounts 
of  purchased  scrap.  Most  chromium  refractories 
are  destroyed  in  use,  and  what  remahis  is  dis- 
carded as  soUd  waste.  Chemical  uses  are  largely 
for  pigments  and  dyes  as  well  as  plating  and  are 
not  recoverable. 

Environment. — The  processing  of  chrome  ore  to 
a  ferrochrome  product  generates  objectionable 
emissions,  which  now  are  largely  collected  to 
meet  air  pollution  standards.  However,  the  col- 
lected dust  is  a  solid  waste  disposal  problem  as  is 
the  slag  generated  during  smelting.    Refractory 
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and  chemical  uses  of  chrome  ore  cause  solid  waste 
disposal  problems  in  the  form  of  burned  out  re- 
fractories and  iron  sludge. 

COBALT 

Supply  and  demand. — The  major  uses  for  cobalt 
are  in  the  production  of  super-alloys,  permanent 
magnets,  cemented  tungsten  carbide  tools  and  in 
various  chemical  processes.  Growth  in  demand  to 
2000  is  estimated  at  a  rate  of  1.5  percent  per  year 
with  the  greatest  growth  projected  for  uses  in 
industrial  chemical  products  and  processes.  Cobalt 
is  used  in  electroplating  to  replace  nickel  only 
when  nickel  is  unavailable. 

Domestic  production  of  cobalt  depends  on  the 
recovery  of  pyrite  from  cobalt-bearing  iron  ores 
mined  at  Cornwall,  Pa.  World  supplies  of  cobalt 
are  largely  produced  as  byproduct  from  ores  of 
copper  and  nickel.  The  major  U.S.  source  is  the 


Congo.  It  is  expected  that  some  future  supplies  will 
come  from  lateritic  deposits  operated  primarily  for 
nickel.  Government  stockpiles  now  total  about  77 
million  pounds,  about  double  the  stockpile  objective. 

Reserves. — At  present  prices,  domestic  reserves 
are  small  and  depend  on  iron  ore  production.  At 
higher  prices,  domestic  resources  may  total  as 
much  as  270  million  pounds.  World  reserves  at 
present  prices  are  mainly  in  the  Congo,  New 
Caledonia,  Zambia,  Cuba,  and  Canada. 

Recovery  and  recycling. — Some  cobalt  is  recov- 
ered from  scrap  occurring  as  revert  or  prompt 
industrial.  The  major  portion  of  cobalt-bearing 
scrap,  however,  is  exported  to  Germany  and 
Japan  where  the  cobalt  is  profitably  recovered  in 
processes  not  attractive  in  the  United  States. 

Environment. — No  known  problems  exist  in  the 
United  States. 
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COLUMBIUM 

Supply  and  demand. — Approximately  90  percent 
of  columbium  demand  is  in  the  production 
of  high  strength  low  alloy  steels,  stainless  steels, 
and  superalloys  including  nickel  and  cobalt  base 
materials.  The  use  in  high  strength  low  alloy 
steels  and  certain  carbon  steels  is  the  largest 
and  fastest  growing  application,  with  the  use  in 
superalloys  second  in  growth  rate.  Overall  demand 
growth  is  projected  at  4.5  peicent  per  year,  but 
future  technological  development  could  favor  a 
greater  growth.  To  a  certain  degree  columbium 
and  vanadium  are  interchangeable  in  high  strength 
low  alloy  steels  and  titanium  may  replace  colum- 
bium in  stainless  steels.  In  super-alloys  colum- 
bium cannot  generally  be  replaced  at  will.  Do- 
mestic production  of  columbium  has  never  been 
large.  It  ceased  entirely  in  1960,  and  today  all 
of  our  requirements  are  imported  from  Brazil, 
Canada  and  Nigeria.  Although  most  of  the  foreign 
supply  is  now  ore  concentrates,  it  is  more  than 
likely  that  future  imports  will  be  processed 
material  such  as  ferrocolumbium  or  columbium 
metal.    Government    stockpiles    are    large   with 


most  of  the  inventory  scheduled  for  disposal  to 
bring  the  level  down  to  about  1.2  million  pounds 
(3  months'  supply). 

Reserves. — Large  low-grade  deposits  are  located 
in  the  Western  States,  but  present  technology 
and  prices  put  them  in  the  category  of  potential 
reserves.  World  reserves,  estimated  at  present 
prices  to  be  nearly  13  billion  pounds  are  more 
than  sufficient  for  projected  world  demand  to  the 
year  2000.  These  reserves  are  located  principally 
in  Brazil,  Canada,  and  Russia. 

Recovery  and  recycling. — Columbium  in  super- 
alloys,  other  special  alloys,  and  metal  is  recover- 
able and  recycled  to  some  extent.  When  associated 
with  other  elements  in  scrap  such  as  nickel,  how- 
ever, the  columbium  content  is  sometimes  lost  if 
such  scrap  is  used  for  making  steels  of  lower  alloy 
content.  In  high  strength  low  alloy  steels  colum- 
bium is  generally  under  0.10  percent  and  not 
recoverable  because  such  steels  are  not  separated 
from  carbon  steels  during  recovery  or  recycling. 

Environment. — Problems  existing  in  connection 
with  the  possible  mining  of  columbium  ores  involve 
open   pit   mining. 
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MANGANESE 

Supply  and  demand. — Approximately  90  per- 
cent of  the  total  manganese  demand  arises  from 
its  use  in  iron  and  steel  products.  Industrial 
chemicals,  aluminum,  and  dry  cell  battery  produc- 
tion account  for  most  of  the  balance.  The  demand 
for  manganese  in  pounds  per  unit  of  iron  and 
steel  production  has  been,  and  probably  will  be, 
fairiy  constant  in  the  foreseeable  future.  Accord- 
ingly, future  demand  for  manganese  will  parallel 
steel  production.  There  seems  little  possibility  in 
the  near  term  for  replacing  manganese  with  any 
other  material  in  its  primary  use  in  steelmaking. 

Of  our  manganese  needs,  95  percent  is  supplied 
from  overseas  sources  either  as  ore  or  as  usable 
ferroalloj^s  and  metal.  The  principal  ore  sources 
are  Brazil  and  Gabon  (Africa),  which  account  for 
over  60  percent  of  our  needs.  Ferromanganese 
obtained  from  the  Republic  of  South  Africa  and 
India  is  made  from  local  ores,  but  ferromanganese 
from  France,  West  Germany,  and  other  countries 
is  produced  from  imported  ores. 

Currently,  domestic  manganese  production, 
almost  entirely  obtained  from  manganiferous 
iron  ores  out  of  Minnesota,  is  used  primarily  in  the 
blast  furnace  to  obtain  desired  manganese  levels  in 
pig  iron  or  hot  metal. 

Government  inventory  of  manganese  is  over 
5  million  tons  of  contained  manganese  as  ore  and 
ferroalloy   representing    about    a   4-year   supply. 

High  quality,  low  cost  manganese  ores  are 
available  in  substantial  quantities  from  the  rest 
of  the  world.  However,  these  sources  involve 
transportation  problems  due  to  long  sealanes  and 
political  problems  in  certain  resource  rich  countries. 

Reserves. — Reserves  of  manganese  ore  in  the 
United  States  are  almost  nonexistent  at  present 
or  projected  world  ore  prices.  It  is  estimated  that 
manganese  may  be  recovered  from  various  low- 
grade  domestic  deposits  at  about  five  times  the 
current  prices  for  imported  ore.  Worldwide  re- 
serves have  been  estimated  at  3.8  billion  tons  plus 
potential  reserves  of  15  bOlion  tons.  World  reserves 
are  sufficient  to  meet  the  cumulative  demand 
worldwide  for  the  rest  of  the  century  based  on 
world  steel  production  of  about  2  billion  tons  in 
the  year  2000.  Nodules  from  the  ocean  floors  may 
be  a  possible  future  source  of  manganese. 

Recovery  and  recycling. — The  manganese  con- 
tent in  most  iron  and  steel  products  is  well  under 
1  percent.  It  is  returned  to  the  steel  cycle  in  scrap, 
but  Ls  largely  lost  during  the  melting-refining 
phases    of    steel    production. 


Environment. — Since  little  or  no  mining  for 
manganese  is  done  in  the  United  States,  environ- 
mental problems  are  largely  confined  to  processing 
imported  ore  to  ferroalloy  and  these  are  minor. 

NICKEL 

Supply  and  demand.— In  imparting  resistance 
to  corrosion  and  improving  mechanical  and  higher 
temperature  properties,  nickel  is  an  essential- ele- 
ment in  an  increasingly  technological  society.  It 
is  used  primarily  in  imparting  these  qualities  to 
other  metals  particularly  iron  for  the  production 
of  stainless  steel.  Pure  nickel  and  nickel-base 
alloys  are  the  next  largest  use,  followed  by  electro- 
plating, alloy  steels,  and  superalloys.  The  iron  and 
steel  industry  consumes  over  50  percent  of  the 
total  supply  including  nickel  from  purchased 
scrap. 

Technological  changes  in  stainless  steel  pro- 
duction may  retard  the  demand  for  nickel  some- 
what in  favor  of  manganese  substitution  for  nickel 
and  the  greater  use  of  nickel-free  stainless  steels. 
In  other  uses  nickel  has  little  substitutability  by 
other  elements  except  possibly  cobalt  in  electro- 
plating. 

Currently,  only  Hanna  Mining  Co.  produces 
primary  nickel  in  the  United  States.  Some  addi- 
tional amounts  are  produced  as  byproduct  at  cop- 
per refineries.  Our  major  supplier  of  nickel  is 
Canada,  which  in  1970  produced  almost  45  per- 
cent of  the  world  suppl}'. 

Because  of  rising  world  demand,  lower  grade 
deposits  are  being  mined  and  developed  in  many 
areas  of  the  world,  most  notably  New  Caledonia, 
the  Philippines,  Indonesia  and  the  Dominican 
Republic.  Currently,  about  70  percent  of  the 
primary  nickel  imported  is  electrolytic  but  fer- 
ronickel  imports  from  lateritic  sources  are  in- 
creasing. 

At  the  end  of  1971,  approximately  52  thousand 
tons  of  nickel  was  reported  in  the  government 
stockpile.  However,  the  present  national  stockpile 
objective  is  zero. 

Reserves. — Sources  of  nickel  are  widespread, 
particularly  in  the  form  of  laterites  containing  as 
little  as  0.6  percent  nickel.  The  known  world 
reserves  at  current  prices  are  estimated  at  over  46 
million  tons  of  contained  nickel.  Domestic  known 
reserves  at  current  prices  are  estimated  at  200 
thousand  tons  but  would  increase  to  over  5 
milhon  tons  at  prices  about  50  percent  higher 
than  current  levels. 
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U.S.  Manganese     Demand  and  Supply 
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Recovery  and  recycling. — Nickel  in  many  of  its 
applications  has  a  high  degree  of  recyclability, 
particularly  from  stainless  steels,  and  various 
nonferrous  nickel  alloys.  In  the  main,  these 
materials  are  returned  for  remelting  into  the  same 
or  similar  products.  In  other  nickel  uses,  such  as 
electroplated  products,  many  alloy  steels  and 
cast  iron  products,  the  low  nickel  content  makes 
recovery  per  se  technically  difficult  and  un- 
economical. However,  much  of  this  nickel  reappears 
as  an  adventitious  residual  in  common  steel  and 
iron. 

Major  problems  are  associated  with  the  sep- 
aration of  high  nickel  alloy  scrap  from  other 
materials  and  sophisticated  techniques  have  been 
developed  to  separate,  clean,  and  classifj''  these 
speciality  metals. 

Environment. — The  only  serious  pollution  prob- 
lem is  caused  by  the  emission  of  sulphur  dioxide 
during  the  smelting  of  nickel  sulphide  ores.  This 
problem  is  primarily  in  Canada  and  seems  under 
control.  Open  pit  mining  of  laterites  so  far  has 
been  in  trojiical  areas  where  the  scars  heal  rapidly 
or  in  remote  areas. 


TUNGSTEN 

Supply  and  demand. — Industrial  demand  for 
tungsten  is  projected  to  grow  at  about  5  percent 
per  year  because  of  its  unique  properties,  its  use 
in  tungsten  carbide,  and  the  present  lack  of  suit- 
able substitutes  in  many  applications. 

Supply. — During  the  middle  fifties  the  domestic 
output  of  tungsten  exceeded  our  needs.  In  the 
last  5  years,  government  stockpile  inventories 
have  been  reduced  and  some  of  the  excess  has 
been  exported  to  Japan,  Europe,  and  the  Com- 
munist bloc  countries.  Today  129  million  pounds 
are  in  government  inventory  with  69  million  of  it 
considered  in  excess  of  objective. 

Almost  the  entire  domestic  supply  of  tungsten 
comes  from  one  mine  at  Pine  Creek,  Calif.,  and 
from  coproduct  production  of  molybdenum  at 
Climax,  Colo.  Imports  are  at  a  low  level  with  the 
future  level  dependent  upon  world  prices  and 
demand  and  the  possibihty  of  sales  by  China. 

Reserves. — Domestic  reserves  at  current  prices 
are  estimated  at  175  million  pounds  or  approxi- 
mately a  10-year  supply.  Overseas  reserves  are 
concentrated  in  China  plus  smaller  deposits  in 
Korea  and  South  America. 
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Nickel     Demand  and  Supply 
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Recovery  and  recycling. — The  recovery  and  re- 
cycling of  tungsten  from  its  ultimate  end  uses 
varies  from  high  in  carbide  cutting  tools  to  very 
low  in  light  bulbs  and  tire  studs.  Reported  data 
on  secondary  recovery  are  estimated  and  are 
probably  low. 

Environment. — Environment  problems  asso- 
ciated with  tungsten  mining  are  local  in  character 
and  primarily  are  concerned  with  disposal  of 
tailings  from  mining  and  water  purification  from 
solvent  extraction  plants. 

VANADIUM 

Supply  and  demand. — The  use  of  vanadium  as 
an  alloying  element  in  iron  and  steel  products 
accounts  for  75  percent  of  vanadium  demand. 
Vanadium  is  used  also  in  titanium  alloys  and 
chemical  products.  Growth  in  demand  is  projected 
at  5  percent  per  year  based  on  the  increasing 
demand  for  high  strength,  low  alloy  steels. 

Supply. — Over  the  last  20  years  most  of  our 
domestic  vanadium  was  obtained  as  a  coproduct 
in    the   mining   of   uranium   from    the    Colorado 


Plateau.  As  a  result,  during  the  fifties  and  early 
sixties,  vanadium  in  excess  of  demand  was  stock- 
piled by  the  government  or  exported  by  industry. 
Currently,  reduced  domestic  production  from  the 
Colorado  Plateau  is  augmented  by  output  from 
Arkansas  (the  only  mine  operated  for  vanadium 
alone),  from  ferrophosphorous  production,  and 
from  various  vanadium  residues,  slags,  and  spent 
catalysts.  Imports  of  vanadiferous  slags  from 
Republic  of  South  Africa  have  become  an  im- 
portant source  in  the  last  3  years. 

Although  vanadium  concentrates,  oxides,  chem- 
icals, and  ferroalloy  have  been  items  of  U.S. 
export,  the  current  world  supply  picture  favors 
imports.  Imports  of  vanadium  bearing  slags  are 
principally  from  Republic  of  South  Africa,  R  ussia, 
and  until  recently,  Chile.  Ferrovanadium  is 
imported  from  Europe. 

Domestic  vanadium  production  is  difficult  to 
project,  as  it  is  affected  by  world  prices,  ore 
quality,  demand  for  uranium,  and  availability 
of  slags,  residues,  Hy  ash,  and  spent  catalysts. 
Increased    environmental    controls    will    increase 
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U.S.  Tungsten     Demand  and  Supply 
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the  availability  of  vanadium  from  many  energy 
fuels  in  the  form  of  petroleum  refinery  residues, 
boUer  residues  and  fly  ash.  Government  stockpiles 
of  vanadium  are  considerably  more  than  the 
objective  of  540  short  tons  of  contained  vanadium 
(about  1  month's  supply),  and  the  excess  is 
scheduled  for  disposal. 

With  the  exception  of  molybdenum,  possible 
alternates  for  vanadium,  such  as  columbium, 
chromium,  or  nickel,  are  of  foreign  origin  to  a 
greater  extent  than  vanadium. 

Reserves. — Domestic  reserves  of  vanadium  at 
current  prices  have  been  estimated  at  1 15  thousand 
tons  of  contained  vanadium  with  additional 
resources  estimated  at  about  3.5  million  tons  at 
higher  prices.  Rest  of  the  world  reserves  are 
estimated  at  10  million  tons  at  recent  price  levels 
plus  an  estimated  5  million  tons  additional  at 
higher  prices.  Major  overseas  reserves  are  located 
in  Russia,  Republic  of  South  Africa,  and  Australia. 
Vanadium  residuals  in  tar  sands,  crude  oils  and 
phosphate  shales  represent  an  additional  resource 
and  are  a  growing  source  of  supply. 


Recovery  and  recycling. — Most  of  the  vanadium 
used  in  steel  production  is  lost  because  the  vana- 
dium content  in  most  steels  is  under  0.5  percent 
and  such  steels  usually  are  not  separated  from 
carbon  steels  in  recycling.  Tool  steels  and  some 
structural  alio}'  steels  are  recycled  to  obtain  a 
satisfactorj-  recovery  of  the  vanadium  and  other 
associated  alloj'  elements. 

Titanium  alloy  scrap  lends  itself  to  good  vana- 
dium recovery  to  the  extent  that  the  scrap  is 
used  to  produce  new  titanium  of  similar  vanadium 
content.  In  some  chemical  processes  vanadium 
used  as  a  catalyst  is  recovered  and  reprocessed  to 
new  material. 

Environment. — ^Vanadium,  mined  by  both  open 
pit  or  underground  methods,  presents  some 
problems  in  land  use  and  disposal  of  solid  waste. 
Vanadium,  as  a  coproduct  with  uranium  produc- 
tion, is  subject  to  environmental  problems  orig- 
inating with  the  uranium.  Production  of  various 
vanadium  products  from  ore  or  their  subsequent 
use  in  metal  or  chemical  production  cause  no 
particular  environmental  problems. 


21 


759 


jti^iuiej^pi-i- - 


U.S.  Vanadium     Demand  and  Supply 
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ALUMINUM 

Supply  and  demand. — Over  the  past  two  decades 
domestic  mine  output  of  aluminum  has  ranged 
from  344,000  to  583,000  short  tons  per  year, 
contained  aluminum.  Mine  output  reached  a 
record  high  in  1970.  World  bauxite  production, 
which  in  1970  was  12.5  million  short  tons  (alum- 
inum equivalent)  has  increased  during  the  two 
decades  approximately  10  percent  per  year.  The 
U.S.  share  of  world  production  from  primary 
sources  was  less  than  5  percent  in  1970. 

World  output  of  aluminum  metal  in  1970 
continued  its  rapid  growth,  which  in  recent  years 
has  averaged  about  9  i)ercent  per  year.  Although 
the  United  States  was  the  largest  producer, 
accounting  for  4  million  short  tons,  or  37  percent 
of  the  world  total,  it  supplied  only  14  percent  of 
its  aluminum  requirements  from  domestic  sources. 
The  U.S.S.R.  was  the  second  largest  world 
producer  with  11  percent,  followed  by  Canada, 
Japan,  Norway,  and  France  in  that  order. 

World  demand  increased  slightly  during  the 
year,  but  the  United  States  demand  for  primary 
and  secondarj'  dropped  below  that  in  1969,  and 


was  about  one-third  of  estimated  total  world  use. 
Demand  has  continued  to  lag  behind  output  and 
15  percent  of  this  capital  intensive  industry  was 
shut  down  bv  the  end  of  1971. 

Imports  in  1970  accounted  for  about  89  percent 
of  the  U.S.  supply  of  bau.xite  and  alumina.  This 
ore  as  in  previous  years  came  mainly  from  the 
Caribbean  area  and  Northeastern  South  America. 
Other  major  importers  of  bau.xite  were  U.S.S.R., 
from  Greece,  Hungary,  and  Yugoslavia;  Japan, 
from  Indonesia,  Malaysia,  and  Australia;  and 
West  Germany  from  Greece,  Yugoslavia,  and 
Australia. 

The  trend  toward  converting  bauxite  to  alumina 
in  countries  of  origin  and  exporting  alumina  to 
aluminum  producing  countries  continued.  U.S. 
imports  of  alumina,  largely  from  Australia, 
Jamaica  and  Surinam,  increased  34  percent  in 
1970  reaching  1.4  million  short  tons  of  contained 
aluminum.  Another  major  importer  of  alumina 
was  Norway,  from  United  States,  Canada,  and 
Jamaica. 

The  U.S.  industrial  demand  for  aluminum  in  the 
year  2000  is  expected  to  be  between  18.8  and  36.6 


22 


760 


million  short  tons.  Recent  developments  in  alum- 
inum technology  foreshadow  increased  use  of 
aluminum  in  automobiles  and  in  the  building  and 
construction  industry.  Moreover,  the  price  differ- 
ential between  aluminum  and  copper  for  electrical 
applications,  favors  the  use  of  aluminum  as  an 
electrical  conductor.  An  analysis  of  these  and 
other  contingencies  indicate  that  the  probable  U.S. 
industrial  demand  for  aluminum  in  1985  will  be 
12.2  million  short  tons,  representing  an  average 
annual  growth  rate  of  7.2  percent  compared  with 
an  average  of  about  7.4  percent  during  the  past 
decade.  The  growth  rate  is  expected  to  decrease 
to  less  than  6  percent  per  year  toward  the  end  of 
the  century,  averaging  6.6  percent  per  year  for 
the  period  1970  to  2000  and  reaching  28.4  million 
short  tons  in  year  2000. 

Future  aluminum  demand  in  other  industri- 
alized countries  is  assumed  to  parallel  the  growth 
in  the  United  States.  Growth  in  less-developed 
countries  in  Africa,  Asia,  and  South  America  is 
expected  to  be  considerably  higher  than  in  in- 
dustrialized countries.  Accordingly,  overall  de- 
mand growth  in  the  rest  of  the  world  is  expected 


to  be  somewhat  greater  than  in  the  United  States. 
In  the  year  2000  it  is  expected  to  range  between 
34.5  and  67.3  million  short  tons.  As  in  the  United 
States  probable  demand  is  set  on  the  high  side  at 
52.9  million  short  tons.  Parallel  to  the  United 
States,  rest-of-world  aluminum  demand  during 
the  1970-1985  period  will  grow  more  rapidly 
than  in  the  1985  to  2000  period.  Probable  demand 
in  the  rest  of  the  world  in  1985  is  22.3  million 
short  tons. 

It  is  assumed  that  under  conditions  of  in- 
creasing prices,  as  well  as  improved  technology, 
domestic  mining  can  be  continued  at  about  500,000 
short  tons  per  year  through  the  year  2000.  This  is  an 
equivalent  supply  of  about  15  million  short  tons  of 
aluminum.  Consequently,  the  United  States  will 
have  to  continue  to  rely  on  massive  imports  for 
almost  all  of  its  aluminum  supply. 

Reserves. — Domestic  known  reserves  of  bauxite, 
from  which  aluminum  is  being  produced,  are  in 
Arkansas  and  total  about  44  milhon  long  tons  (13 
million  long  tons  contaiaed  aluminum).  An  addi- 
tioual  reserve  of  1  million  loog  tons  of  bauxite 
(0.3   million  long  tons   contaiaed   aluminum)   in 
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Alabama  end  Georgia  is  being  mined  for  specialty 
uses. 

The  potential  resources  of  bauxite  in  the  United 
States,  other  than  the  present  reserves,  are  chiefly 
in:  (1)  large  low-grade  bauxite  clay  deposits  and 
deeply  buried  and  thin  bauxite  deposits  in  Ar- 
kansas, Alabama  and  Georgia;  (2)  ferruginous 
bauxite  deposits  in  Oregon  and  Washington ;  and  (3) 
deposits  of  low-grade  ferruginous  bauxite  in  soils 
and  weathered  basalts  in  Kauai  and  Maui, 
Hawaii.  Commercial  recovery  of  aluminum  from 
these  potential  bauxite  resources  awaits  develop- 
ment of  improved  mining  and  processing  tech- 
nology, an  increase  in  aluminum  price,  or  a  com- 
bination of  both  of  these  factors. 

The  world  reserve  of  bauxite  at  the  1970  average 
price  level  of  28.7  cents  per  pound  of  aluminum 
is  2.5  billion  short  tons  (aluminum  content).  The 
potential  world  supply  level  of  aluminum  is 
virtually  unlimited  at  a  metal  price  of  about  37 
cents  per  pound. 

Recovery  and  recycling. — The  relative  portion  of 
aluminum  recovered  from  old  scrap  is  small  and 
has  been  steadily  declining  during  the  past  two 
decades,  dropping  from  8  percent  of  the  U.S. 
industrial  demand  in  1951  to  4  percent  in  1970. 
Of  the  total  amount  of  aluminum  scrap  (new  and 
old)  theoretically  available  for  recycling,  48  per- 
cent was  recycled  in  1969,  according  to  a  recent 
study. 

The  producers  of  primary  metal  purchased  about 
one-third  of  the  1  million  short  tons  of  aluminum 
scrap,  both  old  and  new  (prompt  industrial),  that 
entered  commerce  in  1970.  An  unknown  but  sig- 
nificant quantity  of  aluminum  scrap  was  generated 
during  the  year  but  was  used  by  the  companies 
that  generated  it  (run  around  scrap). 

The  availability  of  new  aluminum  scrap  is  a 
direct  function  of  current  primary  production, 
semifabricating  and  fabricating  operations.  Such 
scrap  may  reenter  the  flow  of  supply  many  times 
in  one  year  and,  hence,  is  not  an  appropriate 
component  of  supply  although  that  portion  of 
new  scrap,  which  is  used  outside  of  the  aluminum 
industry,  creates  demand  for  aluminum  from 
primary  sources.  E.xcept  for  some  forms  of  al- 
uminum cans  and  packaging,  old  aluminum  scrap 
is  normally  recovered  long  after  it  has  passed 
through  the  aluminum  production  cycle  and 
hence,  it  augments  the  available  supply  of 
aluminum    during    the   year. 

Environment. — The  reduction  of  aluminum 
metal  from  its  oxide  is  a  verj-  energj'-intensive 


process  and  accompanied  by  all  environmental 
control  problems  germane  to  electric  power 
generation.  Additional  problems  can  be  created  by 
fluorine-containing  dust  and  gases  emitted  from 
alumina  reduction  cell.s.  The  disposal  of  waste 
red  muds  from  present-day  Bayer  plants  treating 
bauxite  poses  a  problem  that  will  become  more 
critical  with  time.  However,  land  use  conflicts  also 
would  accompany  any  large-scale  employment  of 
domestic  clays  as  a  primary  source  of  aluminum. 

BERYLLIUM 

Supply  and  demand. — The  historic  source  of 
most  of  the  beryllium  for  the  U.S.  has  been  hand 
sorted  beryl  imported  mainly  from  South  America, 
Africa,  and  India.  The  known  reserves  of  beryl 
are  not  verj-  large,  so  the  discovery,  and  imple- 
mentation in  1969,  of  a  process  to  beneficiate 
low-grade  bertrandite  ores  was  an  important 
development. 

Production  of  beryllium  ore  from  a  new  mine  at 
a  bertrandite  deposit  in  Utah  contributed  98 
percent  of  the  total  U.S.  mine  output  in  1970. 
This  plus  minor  beryl  production  from  other 
States,  equalled  about  50  percent  of  the  rest-of- 
the-world  production.  Domestic  consumption  of 
beryllium  dropped  as  sales  and  Government  pro- 
grams were  cut  back. 

Fourteen  countries  produce  beryl  outside  of  the 
United  States.  Of  these,  Brazil,  the  U.S.S.R., 
India,  and  Argentina  are  major  producers.  Japan 
and  France  continue  to  rely  on  foreign  sources  for 
their  beryl  ore.  Berj'l  ore  was  imported  by  the 
United  States  in  1970  chiefly  from  Brazil,  Uganda, 
the  Republic  of  South  Africa,  and  Argentina. 
Twenty  short  tons  of  beryllium  powder,  alloys, 
and  wTought  products  were  exported  in  1970. 

U.S.  industrial  demand  for  beryllium  in  the 
year  2000  is  expected  to  be  between  1,200  and 
2,160  short  tons.  The  probable  level  of  demand 
within  this  range  is  set  at  1,790  short  tons  repre- 
senting an  annual  growth  rate  of  5.3  percent. 
These  data  were  derived  by  estimating  future 
consumption  in  various  end  uses.  The  expected 
beryllium  demand  in  the  rest  of  the  world  is  seen 
to  increase  faster  than  in  the  United  States,  reach- 
ing 1,030  short  tons  for  the  year  2000. 

Mining  of  the  large,  disseminated  low-grade 
deposit  of  bertrandite  in  Utah  will  minimize  the 
inefiicient  mining  of  pegmatites,  and  will  supple- 
ment the  normal  supply  of  foreign  ore,  not  sup- 
plant it.  A  5.5  percent  annual  growth  rate  in 
domestic  mine  production  appears  feasible.  This 
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would  Dot  satisfy  the  domestic  cumulative  prob- 
able demand  of  26,500  short  tons  to  the  year 
2000.  However,  by  opening  one  or  two  more  mines 
on  similar  known  deposits  the  domestic  supply 
could  be  doubled  or  tripled. 

Rest-of-world  beryl  production,  continued  at  the 
1970  rate  to  year  2000,  would  supply  10,000 
short  tons  of  contained  beryllium.  It  is  assumed 
that  deposits  of  other  beryllium  ores,  such  as 
those  deposits  found  in  Labrador  and  Mexico, 
will  be  able  to  supply  an  additional  10,000  short 
tons  at  the  1970  beryllium  price  of  $60  per  pound. 
This  20,000  short  tons  is  ample  supply  for  the 
rest-of-world  cumulative  probable  demand  of 
12,500  short  tons  for  the  1970-2000  period. 

Increased  productivity  resulting  from  nonberyl 
mining  and  beneficiation  is  expected  to  hold 
prices  for  ore  at  present  levels  through  year  2000. 
The  United  States  has  large  stocks  of  beryl, 
beryllium-copper  master  alloy,  and  beryllium 
metal  for  national  emergencies. 

Reserves. — Reserves  of  pegmatitic  beryl  ores 
recoverable  at  certain  price  levels  are  extremely 
difficult  to  appraise  because  of  the  geologic  dis- 


continuity of  pegmatites.  In  the  United  States, 
small  reserves  of  beryl  are  known  in  New  Eng- 
land, South  Dakota,  and  Colorado.  Much  larger 
deposits,  with  beryl  crystals  too  small  for  hand 
sorting  are  found  in  Utah,  Colorado,  New  Mexico, 
and  Nevada.  These  deposits,  which  are  ameniable 
to  drilling,  sampling  and  analysis,  are  relatively 
continuous  ore  bodies  with  an  approximate  size 
and  average  mineral  value  known.  At  $60  per 
pound,  the  amount  of  beryllium  ore  available  from 
deposits  now  being  mined  is  28,300  short  tons 
beryllium  content  for  the  U.S.  and  391,700  short 
tons  for  the  rest-of-world.  Estimates  of  the 
amount  of  beryllium  that  could  be  recovered  from 
other  deposits  if  the  price  for  the  metal  reached 
$80  and  $100  per  pound  are  39,100  and  80,100 
short  tons  for  the  United  States,  and  544,900  and 
1,138,100  short  tons  for  the  rest-of-world,  respec- 
tively. 

Recovery  and  recycling. — Recovery  of  beryllium 
from  secondary  sources  has  been  insignificant  in 
the  past  and  is  not  expected  to  play  a  major  role 
in  the  supply  picture  during  the  next  30  years. 
Only  20  short  tons  of  old  beryllium  scrap   are 
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expected  to  be  recycled  in  2000 — slightly  more 
than  1  percent  of  the  expected  U.S.  industrial 
demand  in  2000. 

Environment. — The  high  toxicity  of  beryllium 
complicates  machining  techniques  and  end  use 
applications.  However,  since  the  toxicity  problems 
have  been  recognized  and  methods  of  control 
initiated,  beryllium  can  be  recovered,  purified, 
and  fabricated  without  danger  to  the  careful 
worker  and  the  environment. 

COPPER 

Supply  and  demand. — During  the  1951  to  1970 
period  world  mine  production  of  copper  increased 
by  126  percent.  U.S.  output  registered  an  85  per- 
cent growth.  Domestic  consumption  followed 
closely  the  production  trend  with  industrial  de- 
mand for  the  1950-71  period  increasing  26  percent 
for  refined  copper  and  29  percent  including  all 
secondary  consumption  (old  scrap). 

The  recent  expansion  of  domestic  mine  pro- 
ductive capacity  has  not  been  matched  by  in- 
creased smelter  capacity.  The  delay  in  expansion 
of  smelter  facilities  appears  to  be  largely  linked  to 
uncertainties  surrounding  smelter  stack  gas  pollu- 
tion standards  to  be  established  by  States,  and 
determination  of  the  proper  technology  to  meet 
the  anticipated  requirements.  Enforcement  of  ex- 


isting standards  has  caused  some  curtailment  in 
use  of  present  smelter  capacity  and  has  resulted 
in  a  significant  increase  in  exports  of  copper  con- 
centrate beginning  in  June  1970. 

The  components  of  domestic  total  demand  in 
1970  for  copper  were  approximately  54  percent 
from  mine  output,  5  percent  from  imports,  26 
percent  from  new  scrap  and  18  percent  from  old 
scrap  (the  apparent  surplus  reflecting  changes  in 
inventorj'  and  Government  stockpiles). 

U.S.  industrial  demand  for  copper  in  year  2000 
is  estimated  to  range  between  5.5  and  11.3  million 
short  tons  (primary  demand  and  old  scrap).  The 
most  probable  demand  within  the  range  is  esti- 
mated at  7.1  million  tons  representing  a  growth 
rate  of  4.2  percent  during  the  period  1970  to  2000 
(9.68  million  short  tons  including  new  scrap).  De- 
mand for  copper  in  the  rest  of  the  world  is  pro- 
jected to  range  from  a  low  of  16.8  million  tons  to  a 
high  of  34.9  million  tons  in  year  2000,  correspond- 
ing to  annual  growth  rates  of  3.2  and  5.8  percent, 
respectively..The  most  probable  copper  demand  in 
2000  for  the  rest  of  the  world  is  estimated  at  24.4 
million  tons. 

Reserves. — Domestic  known  reserves  of  copper  in 
ore,  based  largely  on  the  Bureau  of  Mines  1964 
survey,  are  estimated  to  be  81  million  tons  at  the 
average  1970  price.  Arizona,  Montana,  Utah,  New 
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Mexico,  and  Michigan  were  the  leading  States  in 
measured  and  indicated  reserves,  \vdth  Michigan 
having  the  largest  inferred  reserves.  The  five  States 
accounted  for  over  90  percent  of  the  total  reserves, 
95  percent  of  which  are  in  copper  ores  and  the 
remainder  in  mixed  or  complex  base  metal  ores. 
Tenor  of  the  copper  ores  is  estimated  to  average 
0.86  percent  copper. 

Known  reserves  of  copper  in  the  rest  of  the  world 
are  estimated  to  be  259  million  tons  at  1970  prices. 
The  leading  producing  countries  of  Chile,  the 
U.S.S.R.,  Zambia,  Peru,  Zaire,  and  Canada 
account  for  7.3  percent  of  this  total.  Remaining 
reserves  are  divided  among  many  other  countries 
including  AustraUa,  China,  Finland,  Iran,  Japan, 
Mexico,  the  Philippines,  Poland,  Republic  of 
South  Africa,  Sweden,  and  Yugoslavia. 

A  large  in-use  resource  of  copper  in  the  form  of 
scrap  has  accumulated  and  is  growing  in  the  highly 
industrialized  countries.  The  copper-in-use-pool 
resource  has  been  estimated  to  be  40  million  tons 
for  the  United  States,  40  million  tons  for  Europe, 
and  10  million  tons  for  all  other  countries. 

Recovery  and  recycling. — Except  for  a  few  dis- 
sipative  uses,  much  of  the  copper  used  adds  to  a 
"reserve"  that  is  ultimately  recoverable.  At  pres- 
ent, this  "old  copper  scrap"  supplies  about  a  fifth 
of  domestic  demand  for  refined  copper.  A  recent 
study  showed  that  in  1969  only  61  percent  of  the 
old  scrap,  theoretically  available  for  recycling, 
was  actually  recovered.  From  any  standpoinf — 
conservation,  supply,  or  economics — improve- 
ments in  the  salvaging  and  processing  systems 
for  recovering  and  recycling  secondary  copper 
(and  its  coproducts)  merit  immediate  and  in- 
tensive investigation. 

Environment. — Emission  of  sulfur  compounds 
to  the  atmosphere  during  smelting  is  the  most 
pressing  immediate  problem  facing  the  domestic 
copper  industry.  New  technology  and  large 
capital  investments  will  be  required  to  either 
modify  existing  pyrometallurgical  practices  or 
adopt  new  chemical-process  techniques  as  a 
solution  to  the  problem  if  the  United  States  is  to 
maintain  a  viable  copper  industry.  The  domestic 
extraction  industry  also  faces  potentiall}'  critical 
land-use  conflicts.  Unless  opposing  views  on 
surface  restoration  standards,  waste  disposal,  and 
pollution  issues  are  reconciled  without  excessive 
increases  in  operating  costs,  the  competitive 
position  of  the  U.S.  supplies  will  deteriorate 
sharply.  The  Wilderness  program  and  public 
works   designed   to   conserve   essential   land   and 


water  resources  will  increase  confrontations  with 
the  industry  and  will  present  increasingly  diflBcult 
problems  for  reconciliation. 

Because  approximately  one  ton  of  makeup 
water  is  required  per  ton  of  ore  processed  in  the 
concentrator,  and  with  population  increases  and 
industry  expansions,  conflicts  for  sufficient  water 
to  process  increasing  quantities  of  ore  can  be 
anticipated  in  the  Western  States  where  much  of 
the  production  is  obtained.  Decreased  water 
requirements  could  result  from  research  on  the 
beneficiation  step. 

LEAD 

Supply  and  demand. — World  mine  and  smelter 
production  of  lead  has  been  in  an  upward  trend 
during  the  past  two  decades  in  response  to  a 
rising  demand.  Mine  output  increased  from  1.9 
million  short  tons  of  lead  in  1951  to  3.8  million 
short  tons  in  1970,  and  expansion  of  smelting- 
refining  capacity  throughout  the  world  continued 
to  exert  an  international  competition  for  mine 
output  of  lead  in  concentrates.  In  1969  the  strong 
demand  resulted  in  a  worldwide  depletion  of 
refined  lead  stocks  and  rising  prices  throughout 
the  free  world.  However,  in  1970  the  market 
underwent  a  sharp  reversal  from  the  strong  de- 
mand and  shortage  of  supply  that  persisted 
through  1969  and  into  the  first  half  of  1970. 

Expansion  of  mine  production  added  over  1  mil- 
lion tons  of  lead  in  concentrates  to  the  annual 
world  supply  in  the  last  decade.  The  largest  in- 
crease was  in  the  United  States,  which  reached  a 
total  production  of  572,000  short  tons  in  1970, 
and  which  is  now  the  leading  world  producer.  Of 
the  38  countries  with  recorded  smelter  output, 
11  countries  exceeded  100,000  tons  in  1970.  In 
addition  to  the  expanding  supply  of  new  lead,  an 
increasing  output  of  secondary  lead  was  indicated 
in  the  industrial  areas  as  battery  scrap  increased 
in  volume.  The  secondary  industry  in  the  United 
States,  demonstrating  a  2.7  percent  average  annual 
growth  over  the  last  decade,  reached  a  record 
516,000  tons  from  old  scrap  in  1969,  then  declined 
slightly  in  1970. 

Import  of  lead  materials  has  contributed  sub- 
stantially to  the  U.S.  supply  of  concentrates  for 
smelting,  bullion  for  refining,  and  refined  metal 
for  consumption.  In  1970,  as  a  result  of  increased 
domestic  supply,  the  foreign  component  was  re- 
duced to  less  than  27  percent. 

During  recent  years,  the  available  supply  of 
lead  has  exceeded  U.S.  industrial  demand,  result- 
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ing  in  a  substantial  buildup  in  stocks.  The  4.1 
percent  average  annual  growth  in  demand  since 
1965  has  been  due  primarily  to  the  increase  in 
transportation  requirements  for  gasoline  additives 
and  batteries.  In  contrast  to  this  increase,  the 
tonnage  for  many  historical  end  uses,  such  as 
construction,  printing,  and  communications,  has 
been  relatively  stable. 

The  U.S.  industrial  demand  for  lead  in  year  2000 
is  expected  to  range  between  1.67  and  3.54  million 
short  tons  with  a  probable  demand  of  2.7  million 
tons,  representing  a  2.4  percent  average  annual 
growth.  The  rest-of-the-world  demand  in  year 
2000  is  expected  to  range  between  5.68  and  7.08 
million  tons,  with  a  probable  demand  of  6.9  million 
tons,  representing  a  2  percent  average  annual 
growth.  The  probable  demand  for  primary  lead 
in  the  United  States  in  year  2000  is  estimated  at 
1.4  million  tons  with  a  substantial  increase  in 
recycled  secondary  lead  to  1.3  million  tons. 

The  domestic  mine  capacity  has  been  expanded 
by  new  plants  and  expansion  of  other  mines  in 
Missouri.  The  domestic  resource  base  has  been 
increased  significantly  by  exploratioa  and  ore 
delineation  in  Missouri  and,  also,  by  deep  explora- 
tion in  Idaho  and  other  Rocky  Mountain  States. 
The  average  grade  of  ore  mined  mainly  for  lead  in 
1960  was  2.14  percent.  The  average  grade  mined 


in  1970  was  4.80  percent,  thus  indicating  the 
improved  lead  content  of  the  new  Missouri  ore 
developments. 

Accordingly,  it  is  likely  that  under  normal 
operating  conditions  and  indicated  lead  demand, 
the  domestic  mines  can  continue  to  operate  at 
600,000  tons  of  metal  annually  and  that  reserves 
and  output  can  be  increased  as  demand  warrants. 

The  secondary  supply  component  is  expected  to 
continue  the  2.7  percent  growth  of  the  past  decade 
to  appro.ximately  double  the  1970  output  as  bat- 
tery scrap  increases  in  availability. 

Reserves. — The  estimated  known  world  reserves 
of  lead  in  ore  are  103  million  tons  of  which  North 
America  accounts  for  over  52  percent.  The  known 
reserves  are  well  distributed  with  presently  eco- 
nomical ore  exploited  in  48  countries  of  the  world. 
In  general,  the  Western  European  industrial  coun- 
tries are  deficient,  as  is  Japan,  in  minable  reserves 
to  meet  smelter  and  consumer  demand  and  are 
thus  dependent  on  reserves  developed  in  Africa,  South 
America,  Canada,  and  Australia.  Major  develop- 
ments in  these  areas  have  established  reserves  sub- 
stantially above  current  depletion. 

Recovery  and  recycling. — Lead,  because  of  its 
relative  inertness  in  metallic  form,  is  seldom  lost 
and  is  valuable  enough  so  that  industry  has  always 
sought  to  recover  it.  Consequently,  its  recycling 
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record  is  rather  good.  About  38  percent  of  the 
U.S.  industrial  demand  in  1970  was  supplied  from 
old  scrap.  However,  according  to  Battelle-Colum- 
bus  estimates,  821,000  short  tons— or  almost  60 
percent  of  the  lead  theoretically  available  for  re- 
cycling in  1969 — was  not  recycled.  The  Battelle 
estimate  includes  lead  as  T.E.L.  in  gasolines  and 
lead  chemicals.  Disregarding  these  hard-to-recover 
lead  components,  almost  60  percent  of  the  lead 
available  for  recycling  was  recovered  in  1969. 
Recycling  of  scrap  is  expected  to  continue  its 
important  role  as  a  supply  component.  By  the  year 
2000,  almost  one  half  of  the  U.S.  supply  is  expected 
to  come  from  secondary  sources. 

Environment. — The  lead  industry  is  faced  with 
environmental  control  problems  in  air,  water,  and 
land  use.  Part  of  the  solution  of  these  problems 
will  have  to  come  from  developing  improved  and 
new  technology. 

MAGNESIUM 

Supply  and  demand. — Over  the  past  decade, 
annual  domestic  production  of  primary  magne- 
sium, as  metal  and  contained  in  compounds,  has 
increased  about  4  percent  to  1.15  milUon  short 
tons  in  1970.  In  the  rest  of  the  world,  annual  cor- 
responding production  of  magnesium  has  increased 
about  67  percent  during  the  past  10  years  and 
reached  5.1  million  short  tons  in  1970.  The 
U.S.S.R.,  Czechoslovakia,  Austria,  and  North 
Korea  were  major  producers  of  magnesite  in  1970. 

World  production  of  magnesium  metal  in  1970 
totaled  243,300  short  tons,  with  the  U.S.  produc- 
tion representing  about  46  percent  of  the  world 
total.  The  U.S.S.R.  was  the  second  largest  world 
producer  with  23  percent,  followed  by  Norway, 
Japan,  and  Canada. 

United  States  imports  of  magnesium  in  com- 
pounds of  84,000  tons  in  1970,  as  in  previous  years, 
were  primarily  from  Greece,  India,  and  ^Yugo- 
slavia. The  U.S.  exported  34,000  tons  of*"  metal 
mostly  to  West  Germany,  and  continued  to  be  a 
net  exporter  of  metal. 

World  demand  for  magnesium  compounds  in 
1970  was  5.4  milhon  tons  of  contained  magnesium, 
and  the  U.S.  demand  was  an  estimated  20  percent 
of  the  total  world  use.  World  metal  demand  was 
219  thousand  tons;  U.S.  metal  demand  for  primary 
and  secondary  (from  old  scrap)  was  7  percent  lower 
than  1969,  and  was  about  one-half  of  the  estimated 
world  demand. 

The  U.S.  primary  demand  for  nonmetal  uses  of 
magnesium  in  year  2000  is  expected  to  range  be- 


tween 1.3  and  2.4  million  short  tons.  Domestic 
demand  for  magnesium  metal  is  estimated  to  range 
between  0.3  and  0.7  million  short  tons  in  the  year 
2000.  The  probable  U.S.  total  demand  for  mag- 
nesium in  year  2000  will  be  2.8  million  short  tons, 
near  the  high  side  of  the  estimated  range.  Principal 
factors  contributing  to  the  high  estimate  include 
the  anticipated  growth  in  the  iron  and  steel  indus- 
try, and  increased  use  of  magnesium  in  transporta- 
tion equipment  and  in  a  wide  variety  of  industrial 
and  consumer  products. 

Magnesium  demand  in  the  rest  of  the  world  in 
the  year  2000  is  expected  to  range  between  5.7  and 
9.5  million  tons.  The  probable  demand,  8.5  million 
tons,  is  set  near  the  high  side  of  the  estimated 
range.  Anticipated  future  technological  shifts  in 
use  patterns  toward  magnesium  metal  in  place  of 
other  materials  and  the  use  of  magnesium  refrac- 
tories in  steelmaking  facilities  in  industrialized  and 
developing  countries  are  major  reasons  for  this  high 
growth  rate  in  magnesium  demand. 

Reserves. — Sea  water,  well  and  lake  brines,  and 
dolomite,    the    sources    of    most   of    the    world's 
magnesium,  are  available  in  unlimited  quantities 
in  nearly  all  countries.  Sea  water  with  a  mag- 
nesium content  of  0.13   weight-percent  may  be 
considered  an  inexhaustible  resource.  Reserves  of 
magnesium  salts  obtained  as  brines  from  under- 
ground evaporite  deposits  are  difficult  to  estimate. 
Moreover,   available   information   on  magnesium 
salts  in  surface  evaporites  is  insufficient  to  esti- 
mate reserves.  The  Great  Salt  Lake  contains  an 
estimated  630  million  tons  of  magnesium  chloride. 
Large    deposits    of    dolomitic    limestone    and 
dolomite   are  widely  distributed  throughout  the 
United  States  and  the  rest  of  the  world.  Other 
principal  magnesium  ores  are  olivine,  brucite,  and 
magnesite.  The  known  domestic  reserves  of  olivine 
are  estimated  around  300  miUion  tons,  averaging 
48  percent  magnesia,  and  are  located  in  North 
Carolina,     Georgia,     and     Washington.     Known 
domestic  brucite  reserves  are  estimated  to  total 
3  million  tons  in  Nevada  and  Arizona.  Brucite 
also  is  found  in  the  United  Kingdom,  Ireland,  and 
Canada.  Reserves  in  North  Korea  are  estimated 
to  be  2  million  tons. 

Large  deposits  of  magnesite  occur  in  the  Peoples 
Republic  of  China,  North  Korea,  Australia,  and 
the  U.S.S.R.  Deposits  with  less  than  100,000  tons 
of  contained  magnesium  occur  in  India,  Czech- 
oslovakia, Austria,  the  United  States,  and  other 
countries. 
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In  the  U.S.,  88  percent  of  the  magnesite  reserves 
occurs  in  Nevada,  1 1  percent  in  Washington,  and 
1  percent  in  CaHfornia.  Other  magnesite  occurs 
widely  in  various  States  but  the  reserves  have  not 
been  delineated. 

Recovery  arid  recycling. — Recovery  of  mag- 
nesium from  old  scrap  has  been  modest  in  the 
past  amounting  to  only  3  percent  of  the  1970 
U.S.  primary  demand .  for  metal.  No  dramatic 
change  is  anticipated  for  the  coming  decades.  For 
the  year  2000,  the  amount  of  old  scrap  recycled 
is  estimated  to  be  30,000  short  tons,  or  5  percent 
of  an  estimated  U.S.  primary  demand  for  metal  of 
580,000  short  tons. 

Environment. — Dolomite  resources  normally  can 
be  quarried  without  interfering  with  other  land 
use.  Sites  for  sea  water  magnesia  plants  must 
be  selected  carefully  so  that  they  do  not  conflict 
with  shore  property  for  private  and  pubhc  use. 
Also,  topography,  wind  and  ocean  currents,  and 
quality  of  sea  water  must  be  considered  in  locating 
plants.  Effluent  from  sea  water  plants  has  not 
been  considered  to  be  deleterious  to  the  sea 
environment. 


Certain  forms  of  magnesium  metal,  such  as 
turnings,  dust,  and  scrap  react  with  water  to 
evolve  hydrogen,  which  may  lead  to  spontaneous 
explosion;  hence,  scrap  magnesium  is  stored  and 
shipped  in  a  moisture-free  environment. 

MERCURY 

Supply  and  demand. — In  1970,  world  mine  pro- 
duction of  mercury  decreased  to  284,000  flasks 
from  an  all-time  high  of  290,000  flasks  in  1969. 
Spain  and  Italy  continued  as  the  major  producers, 
contributing  about  32  i>ercent  of  the  total  new  sup- 
ply. Canada  continued  to  be  a  significant  producer, 
increasing  its  output  to  24,400  flasks  from  21,200 
flasks  in  1969.  In  addition,  Ireland  and  Czecho- 
slovakia each  produced  over  1 ,000  flasks  by  virtue 
of  byproduct  mercury  from  base-metal  refining. 

World  demand  decreased  to  an  estimated 
295,000  flasks  in  1970.  The  largest  mercury  con- 
suming countries  including  France,  Germany, 
Japan,  the  United  Kingdom,  and  the  United 
States,  continued  to  rely  on  foreign  sources  for  a 
substantial  part  of  their  supply.  United  States 
mines  accounted  for  about  41  percent  of  the  total 
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U.S.  supply  including  secondary.  Imports  of 
21,672  flasks  remained  a  major  component  of 
domestic  supply,  contributing  about  33  percent. 
Changes  in  industry  stocks  provided  about  14 
percent;  the  remainder  about  12  percent,  came 
from  secondary  sources,  including  Government 
releases  of  surplus  metal.  Stocks  of  AEC  surplus 
mercurj^  to  be  sold  by  GSA  totaled  13,491  flasks. 

U.S.  industrial  demand  of  mercury  in  the  year 
2000  is  expected  to  range  between  92,000  and 
176,000  flasks.  This  represents  annual  growth 
rates  of  1.4  to  3.6  percent  during  1970  to  2000. 
The  most  probable  demand  within  the  range  is 
estimated  at  102,000  flasks. 

For  the  rest-of-the-world,  end-use  data  are  not 
available  but  the  uses  of  mercury  are  similar  to 
those  in  the  United  States.  The  estimated  range 
shows  a  low  demand  of  295,000  flasks  and  a  high 
of  478,000  flasks  in  year  2000.  This  represents 
annual  growth  rates  of  0.8  to  2.4  percent  during 
1970  to  2000.  The  most  probable  demand  is 
estimated  at  386,000  flasks. 

The  United  States  will  continue  to  rely  on 
foreign  sources,  such  as  Spain,  Italy,  and  Mexico, 
for  a  large  part  of  its  supply.  Canada  is  expected 


to  provide  an  exportable  surplus  to  the  United 
States.  Turkey  will  also  become  a  major  supplier. 

Reserves. — Updating  1962  data,  provided  by  the 
U.S.  Geological  Survey,  with  estimated  reserve 
figures  available  in  1970  gives  the  following 
assessment  of  known  mercury  reserves  for  the 
United  States,  at  a  constant  1970  price  per 
76-pound  flask  of  $360  and  $750,  recoverable 
reserves  amount  to  380,000  and  935,000  flasks, 
respectively,  and  for  the  rest  of  the  world  to 
4,900,000  and  14,065,000  flasks. 

Recovery  and  recycling. — During  the  past  two 
decades,  secondary  recovery  of  mercury  has 
increased  steadUy  from  3.6  percent  of  U.S. 
industrial  demand  in  1951  to  a  peak  level  of  20 
percent  in  1965.  In  the  future,  secondary  sources 
should  become  an  increasingly  important  com- 
ponent of  mercury  supply.  Pressures  will  continue 
to  mount  to  recover  mercury  from  industrial 
processes  to  prevent  environmental  contamina- 
tion. Mercury  will  be  recovered  from  waste 
effluents  from  caustic  soda  and  chlorine,  and 
plastics  plants,  and  also  from  discarded  mercury- 
containing  mechanical  and  electrical  devices. 
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Environment. — The  major  loss  of  mercurj'  during 
extraction  occurs  in  the  stack  gases,  wth  minor 
losses  in  the  calcine,  soot,  and  spillage.  Furnace 
plants  are  equipped  with  dust-collection  units 
so  air  pollution  from  particulates  is  not  a  major 
problem.  The  small  quantity  of  dust  is  either 
discarded  or  processed  to  recover  the  contained 
mercury. 

Poisoning  of  workers  caused  by  exposure  to 
mercury  may  occur  in  mining  and  retorting 
metallic  mercury  and  in  any  industrj-  in  which 
mercury  is  used.  Therefore,  precautions  such  as 
proper  ventilation,  use  of  respirators  or  masks, 
personal  cleanliness,  use  of  mercurj-  vapor 
detectors  are  required. 

Much  of  the  mercury  consumed  is  for  dissipative 
uses  which  may  ultimately  lead  to  environmental 
pollution.  Spent  catalysts,  in  the  form  of  inorganic 
mercury  compounds  from  plastic  manufacturing, 
can  contaminate  natural  waters.  Mercury  losses 
from  mercury  cells  in  the  caustic  soda  and  chlorine 
industries  contribute  to  air  and  water  pollution. 
Other  uses  of  mercury  giving  rise  to  environmental 
concern  are  in  agriculture,  amalgamation,  paints 
and  pulp  and  paper. 

In  March  1971,  mercury  was  designated  a 
hazardous  air  pollutant  by  the  Environmental 
Protection  Agency.  According  to  the  Clean  Air 
Act  of  1970,  emission  standards  will  now  be  pro- 
mulgated for  mercury. 

PLATINUM 

Supply  and  demand. — Domestic  platinum  pro- 
duction and  refimng  moved  erratically  during  the 
past  two  decades,  while  rest-of-world  production 
increased  more  steadily.  U.S.  primary  demand  for 
platinum  peaked  in  1966,  reflecting  highs  that 
year  in  chemical,  glassware,  electrical  equipment, 
and  jewelry  uses.  In  1969,  platinum-group  metals 
in  the  United  States  moved  into  an  oversupply 
situation  that  worsened  in  1970,  and  the  first  half 
of  1971.  Prices  of  most  group  metals  dropped  and 
so  did  industrial  consumption  and  toll  refining.  The 
past  two  decades  also  saw  strong  advances  in 
domestic  imports,  exports,  secondary  and  toll 
refining,  and  industrial  demand,  but  widely 
fluctuating  refinery  production. 

Total  U.S.  industrial  demand  for  platinum  in 
j-ear  2000  is  expected  to  range  between  1.23  and 
2.27  million  troy  ounces.  The  probable  level  of 
demand  within  the  range  is  1.3  million  troj' 
ounces,    corresponding    to    an    annual    average 


growth  rate  of  3.1  percent  during  the  next  three 
decades.  Demand  in  the  rest  of  the  world  during 
the  1970-2000  period  is  exjjected  to  be  concen- 
trated in  the  industrialized  countries,  and  the  con- 
sumption pattern  would  differ  according  to  the 
relative  development  of  the  major  consuming 
industries.  Rest-of-world  demand  is  expected  to 
range  between  3  and  4  million  troy  ounces  in 
year  2000.  The  probable  demand  within  the  range 
If  set  at  3.5  million  troy  ounces,  representing  a 
growth  rate  of  4.3  percent  annually  during 
1970-2000. 

Domestic  reserves  of  the  platinum-group  metals 
are  almost  entirely  in  copper  ores  and  are  estimated 
at  about  3  million  ounces.  Because  the  value  of  the 
domestic  production  of  platinum-group  metals  is 
insignificant  compared  with  the  copper  production, 
the  price  of  platinum  and  other  platinum-group 
metals  has  little  effect  on  their  production  as  by- 
products. 

Cumulative  probable  domestic  production  of 
copper  during  the  1970-2000  period  is  expected  to 
be  108  million  tons.  This  cumulative  production 
total  is  contigent  on  a  long-term  upward  trend  of 
copper  prices.  On  this  basis  the  availability  of 
byproduct -platinum-group  metals  from  domestic 
copper  sources  during  the  next  three  decades  will 
be  3.1  million  ounces. 

The  platinum-group  metals  reserve  in  the  rest 
of  the  world  was  estimated  to  be  about  421  million 
troy  ounces  minable  at  1970  prices.  Additional 
world  resources  of  platimun-group  metals  recover- 
able at  higher  prices  are  estimated  to  be  at  least 
114  million  troy  ounces.  Environmental  problems 
associated  with  the  production  of  copper  are  likely 
to  have  a  limiting  influence  on  the  development  of 
domestic  platinum-group  metals  resources.  How- 
ever, deposits  of  platinum-group  metals  in  the 
rest  of  the  world  usually  occur  in  thinlj-  populated 
areas  and  land-use  problems  should  have  little 
influence  on  their  exploitation. 

Reserves. — Currently  recoverable  reserves  at 
$133  and  $175  per  ounce  of  platinum  metal,  are 
estimated  for  the  United  States  at  1.3  and  1.7 
million  troy  ounces,  and  for  the  rest  of  the  world 
at  213.3  and  291.9  million  troy  ounces  of  platinum 
metal,  respectively.  Because  of  the  byproduct 
nature,  of  most  of  platinum  production,  even 
very  large  increases  in  price  have  Uttle  effect  on 
reserves. 

U.S.  reserves  are  almost  entirely  in  copper 
ores,  with  a  very  small  quantity  in  placers  at 
Goodnews   Bay,    Alaska.    The    copper    ores    are 
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estimated  to  average  about  1  ounce  of  platinum- 
group  metals  in  6,000  tons  of  ore  (35  tons  of 
recoverable  copper).  The  placers  are  mostly 
platinum,  but  supply  a  significant  amount  of 
iridium  and  ruthenium  to  domestic  refiners.  The 
placers  contain  only  a  slight  amount  of  palladium. 

In  1969,  estimates  of  South  African  reserves 
were  increased  from  60  million  to  200  million 
troy  ounces.  New  mines  are  being  opened  in  the 
Merensky  Reef,  including  one  open  pit  mine. 
Producers  in  this  area  now  claim  to  have  the 
capability  to  meet  any  foreseeable  demand, 
probably  until  the  next  century.  Prospecting 
and  exploration  of  the  Great  Dyke  ultrabasic 
formation  in  Rhodesia  has  disclosed  several 
significant  occurrences  of  platinum-group  metals 
which  may  indicate  potential  resources  approach- 
ing 100  million  ounces.  "Significant  quantities" 
of  platinum  have  also  been  recently  announced 
in  New  Zealand  and  in  the  nickel  deposits  of 
Australia. 

Recovery  and  recycling. — The  nondissipative 
uses  and  high-unit-value  of  the  platinum-group 
metals  has  given  rise  to  an  elaborate,  extensive, 
and  efficient  secondary  recovery  industry.  Second- 


ary recovery  of  scrap  platinum-group  metals 
increased  from  82,000  ounces  in  1961  to  330,000 
ounces  in  1970.  Secondary  recovery  represented 
12  percent  of  the  total  U.S.  supply  of  platinum- 
group  metals  in  1970,  and  25  percent  of  the 
industrial  demand,  though  probably  not  all 
secondary  refined  metals  were  consumed  in  the 
United  States. 

Even  larger  than  the  quantity  of  secondary 
refined  scrap  is  the  amount  of  toll  refined  platinum- 
group  metals.  (Secondary  recovery  is  of  purchased 
scrap,  whereas  toll  refining  is  platinum  metals 
refined  on  toll  and  returned  to  the  consumer.) 
Toll  refined  platinum-group  metals  were  700,000 
ounces  in  1961  and  1,722,000  ounces  in  1970.  In 
1970,  63  percent  of  the  toll  refined  material  was 
platinum  and  33  percent  was  palladium.  Toll 
refining  of  platinum  and  rhodium  grew  steadily 
from  1961  to  1968,  but  palladium  had  a  very  low 
year  in  1966. 

Environment. — Since  platinum-group  metals 
are  mostly  produced  as  a  by-product  in  the  mining 
and  refining  of  other  metals  such  as  copper,  no 
specific  environmental  problems  exist  in  the  pri- 
mary extraction  of  platinum-group  metals  per  se. 
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In  secondarj^  recoverj^  the  collection,  processing, 
segregation,  and  refining  of  platinum-group  metals 
require  only  minimal  space  and  virtually  no 
hazardous  or  offensive  treatment  methods.  The 
secondarj'  refiners  are  faced  with  tightening  re- 
quirements for  air  and  water  effluent  treatments 
but  these  have  no  specific  hazards  or  complexities 
unique  to  the  platinum-group  metals. 

TIN 

Supply  and  demand. — World  tin  mine  production 
increased  from  169,000  long  tons  in  1951  to  227,000 
long  tons  in  1970,  but  U.S.  production  remained 
inconsequential.  Although  demand  for  tin  in  the 
rest  of  the  world  rose  about  24  percent  during  the 
last  decade,  U.S.  demand  for  primarj-  tin  showed 
a  6  percent  drop  across  the  same  period. 

Malaysia,  Bolivia,  Thailand,  and  Indonesia 
provided  62  percent  of  the  tin  produced  in  the  free 
world  in  1970.  Other  countries  in  the  free  world 
having  significant  tin  production  include  Austra- 
lia, Zaire,  and  Nigeria.  The  U.S.S.R.  and  the  ' 
Peoples'  Republic  of  China  also  have  substantial 
production  and  reserves. 

Imported  metal  was  the  major  component  of 
domestic  supply,  comprising  nearly  65  percent  of 
the  total  in  1970.  Secondary  tin  metal  was  the 
other  important  factor,  furnishing  26  percent  of 
the  supph^  in  1970. 

By  2000,  the  U.S.  industrial  demand  for  tin  is 
expected  to  range  between  101,000  and  140,000 
long  tons  with  a  probable  demand  of  130,000. 
The  pattern  of  demand  for  tin  in  the  rest  of  the 
world  is  not  expected  to  difler  drastically  from 
that  in  the  United  States  during  the  next  30  years 
except  that  greater  usage  is  expected  for  tin  in 
tinplate  for  food  and  other  containers,  especially 
in  developing  countries.  Such  emphasis  on  tin- 
plate  will  result  in  increased  secondary  recovery 
in  the  rest  of  the  world,  and  this  has  been  antici- 
pated in  setting  the  expected  range  for  year  2000 
for  the  rest  of  the  world  at  220,000  to  390,000 
long  tons.  The  probable  demand  is  310,000  long 
tons,  representing  an  annual  growth  rate  slightly 
less  than  that  established  for  the  United  States. 

Almost  all  of  the  approximately  2.1  million  tons 
of  primary  tin  which  will  be  needed  by  U.S.  con- 
sumers between  1970  and  2000  must  be  supplied 
by  imports.  The  historical  sources,  Malaysia,  Thai- 
land, Bolivia,  and  the  United  Kingdom,  are  likely 
to  continue  to  provide  nearly  all  U.S.  tin.  Should 
Australia's  promising  production  potential  mate- 


rialize, Australia  could  well  become  a  source  of 
U.S.  supply,  and  might  lessen  the  importance  of 
Bolivia  as  a  source  of  tin  for  the  United  States. 

Reserves. — Measured  and  indicated  reserves  in 
lode  and  placer  deposits  in  the  United  States  are 
insignificant  compared  to  tin  reserves  of  the  rest 
of  the  world.  They  occur  mostly  in  the  Western 
States  and  on  the  Seward  Peninsula  of  Alaska.  Tin 
reserves  in  Canada  are  mostly  at  Mount  Pleasant, 
New  Brunswick  and  in  the  properties  of 
Cominco,  Ltd.'s  Sullivan  Mine  at  Kimberly,  Brit- 
ish Columbia.  Both  are  lode  in  character  and  are 
produced  as  byproducts  of  other  ores — usually 
copper,  lead,  or  zinc. 

Mexico  has  minor  reserves  of  tin,  sufficient  to 
support  small  scale  placer  and  lode  mining,  usually 
in  conjunction  with  working  lead,  zinc,  or  silver. 

An  assessment  of  currently  knowTi  quantities 
of  cassiterite  (tin  content  which  would  be  recover- 
able in  the  United  States  and  in  the  rest  of  the 
world,  at  various  price  levels),  is  as  follows: 
At  $1.75  and  $3  per  pound  of  tin  metal,  5,000  and 
50,000  long  tons  of  tin,  respectively,  for  the 
United  States,  and  4.18  and  9.08  million  long 
tons  for  the  rest  of  the  world. 

Recovery  and  recycling. — Leading  the  world  in 
recycling  tin.  United  States  meets  approximately 
27%  of  its  demand  with  secondary  metal.  Sec- 
ondary copper  smelters  and  foundries  recover  46 
percent  of  the  secondary  tin  from  copper-base 
scrap  in  alloy  ingots  and  castings.  Other  secondary 
smelters  and  refineries  reclaim  41  percent  of  the 
secondarj'  tin  from  lead-  and  tin-base  scrap.  Tin, 
as  metal,  is  reclaimed  from  clean  tin-base  and 
tinplate  scrap  at  11  detinning  plants  located  in  7 
States.  Small  amounts  of  pig  or  bar  tin  are  re- 
covered from  tinning  solutions  and  go  mostly 
into  chemicals. 

Environment. — Because  99  percent  or  more  of 
the  primary  tin  consumed  by  the  United  States 
reaches  this  country  ready  to  use,  mining  and 
smelting  pollution  problems  are  practically  non- 
existent. In  any  secondary  detinning  operation, 
tin-containing  muds  are  generated  as  waste 
material.  Waste  water  from  the  rinsing  of  detinned 
steel  may  contain  small  amounts  of  caustic, 
sodium  nitrate  and  tin.  Drosses  and  dusts  ac- 
cumulate in  industrial  centers,  especially  on  the 
east  coast,  but  these  eventually  become  sources  of 
secondary  tin  and  do  not  constitute  an  environ- 
mental problem  during  the  periods  of  accumula- 
tion. Organotln  compounds,  known  for  over  100 
years,   have  taken  on   new  importance  as   agri- 
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cultural  biocidal  chemicals  as  a  result  of  concern 
over  mercury.  Certain  organotins  decompose  dur- 
ing natural  weathering  to  nontoxic  compounds. 

In  Southeast  Asia,  particularly  Malaysia,  re- 
strictions are  imposed  against  abandonir^  dredged 
ground  until  it  has  been  returned  to  a  productive 
capability.  No  restriction  of  supplies  of  tin 
appear  likely  because  of  these  laws,  but  the  cost  of 
such  rehabilitation  might  be  passed  along  to  the 


consumer. 


TITANIUM 


Supply  and  demand. — There  has  been  a  nearly 
continuous  rise  in  world  production  of  primary 
titanium  during  the  20-year  period  1951-70,  from 
0.35  to  1.78  million  short  tons  titanium  content. 
Although  domestic  mine  output  increased  about 
60  percent  during  the  two  decades,  the  U.S.  share 
of  world  titanium  output  declined  from  97  percent 
in  1951  to  18  percent  in  1970.  However,  the  United 
States  consumed  over  27  percent  of  the  world 
mine  output  of  titanium  in  1970.  During  the  past 
two  decades,  the  overall  demand  for  {primary  ti- 
tanium in  the  United  States  increased  110  percent, 
from  233,000  to  490,000  short  tons  of  titanium 


content.  Most  of  this  increased  demand  was  for 
nonmetal  uses.  To  satisfy  the  shortfall  between 
increased  demand  and  domestic  mine  production, 
rutile  imports  increased  sharply  wliile  ilmenite  im- 
ports rose  only  moderately.  Rutile  is  the  basic  raw 
material  for  titanium  metal  and  the  preferred 
source  of  Ti02  for  pigment  produced  by  the  chlo- 
ride process. 

The  U.S.  industrial  demand  for  titanium  in 
year  2000  is  expected  to  range  between  1.1  million 
tons  and  2.6  milUon  tons.  The  most  probable 
demand  within  the  range  is  estimated  at  2.1 
million  tons  representing  an  average  annual 
growth  rate  of  5.0  percent  between  1970-2000. 

The  expected  range  for  the  rest  of  the  world 
shows  a  low  demand  of  2.2  milUon  tons  and  a  high 
of  5.0  million  tons  in  2000.  This  represents  annual 
growth  rates  of  2.0  and  4.8  percent.  Considering 
the  large  increase  in  use  of  titanium  pigments 
abroad,  which  will  develop  with  improvement  in 
the  standard  of  living,  the  most  probable  demand 
is  4.2  million  tons,  representing  an  annual  increase 
of  4.2  percent  during  1970-2000,  a  lower  rate  of 
growth  than  forecast  for  the  United  States. 
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Domestic  reserves  of  60.4  million  tons  of  tita- 
nium are  mostly  ilmenite  and  occur  principally  in 
New  York,  Wyoming,  New  Jersey,  Florida,  and 
other  Eastern  States.  Most  of  the  approximately 
32-million-ton  commercially  workable  reserves  of 
ilmenite  at  the  1970  pigment  price  is  about  equally 
divided  between  rock  deposits  in  New  York  and 
Virginia  and  sand  deposits  in  Florida,  New  Jersey, 
and  Georgia.  The  United  States  will  continue  to 
rely  on  foreign  sources,  such  as  Australia  and 
probably  Sierra  Leone,  for  the  major  part  of  its 
supply  of  rutile. 

In  1970  approximately  one-half  of  the  domestic 
production  of  titanium  was  mined  from  sand-type 
deposits.  Although  the  current  rate  of  operation 
could  be  continued  at  present  price  levels,  con- 
flicting land  use  and  water  pollution  problems  in 
mining  are  likely  to  inhibit  any  large-scale  expan- 
sion of  production  from  some  of  these  deposits. 
Alleviation  of  environmental  problems  will  tend  to 
increase  the  cost  of  any  additional  domestic  sup- 
plies of  titanium  and  will  probably  result  in  a 
shift  to  the  more  abundant  rock-type  deposits  as 
the  predominant  source  of  titanium. 


Reserves. — Domestic  reserves  of  ilmenite  occur 
in  both  rock  and  sand  deposits.  About  equal 
quantities  are  produced  in  the  United  States  from 
each  type.  Rutile  also  occurs  in  both  rock  and 
sand  deposits,  although  none  is  produced  from 
rock-type  deposits.  In  some  countries,  such  as 
India  and  Ceylon,  ilmenite  and  rutile  occur  in  the 
same  sand  deposit  and  are  separated  as  coproducts. 
Although  occurring  together  in  the  sand  deposits 
of  Florida  and  Georgia,  rutile  and  ilmenite  are 
concentrated  in  a  single  product. 

By  updating  previously  published  1965  domestic 
data  and  1956  world  data  uith  estimated  reserve 
figures  available  in  1970,  an  assessment  of  the 
currently  known  quantity  of  the  rutile  reserves  in 
the  United  States  and  in  the  rest  of  the  world  that 
would  be  available,  with  present  technology,  is  as 
follows:  At  prices  of  $0.45  and  $0.58  per  pound 
titanium  in  pigment,  for  the  United  States  150,000 
and  400,000  short  tons  (titanium  content),  re- 
spectively, and  for  the  rest  of  the  world  7.20  and 
31.55  million  short  tons  (titanium  content). 

Recovery  and  recycling. — In  1970,  scrap  metal 
consumption  accounted  for  about  30  percent  of  the 
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total  ingot  output.  Most  of  this  scrap  apparently 
represents  in-house  material  generated  by  the 
primary  producers  of  ingots  and  mill  products.  A 
large  quantity  of  scrap  is  also  generated  by  the 
consumers  of  titanium  mill  products  in  fabricating 
these  to  finished  components.  About  one-third  of 
this  scrap  js  returned  to  the  metal  cycle.  Most  of 
the  secondary  material,  however,  consists  of 
mixed  alloys  and  contaminated  material.  About 
one-half  of  this  material  is  consumed  in  other 
industries  while  the  remaining  half  is  discarded  or 
accumulated  in  stocks  pending  development  of 
technology  which  will  permit  its  recovery. 

Economical  means  are  needed  by  the  titanium 
metal  industries  for  utilizing  a  larger  percentage  of 
the  new  titanium  scrap  that  is  being  generated. 
EflBcient  means  for  using  more  of  this  material  by 
the  industry  would  reduce  sponge  metal  require- 
ments and,  potentially,  production  costs.  Feasible 
processes  for  collecting,  sorting,  and  refining  scrap 
are  likely  to  be  developed  before  1980.  It  is  thus 
estimated  that  secondary  sources  will  become  an 
increasingly  important  component  of  titanium 
metal  supply.  Old  scrap  should  become  available 
before  1980,  and  it  is  estimated  that  by  2000  old 
scrap  will  supply  40  percent  of  the  requirements 
for  titanium  metal. 

Environment. — Operating  factors  in  the  titanium 
production  cycle  that  relate  to  the  environment 
include  disposal  of  solid  and  Uquid  wastes.  Sig- 
nificant quantities  of  mud  and  slimes,  resulting  from 
dredging  and  concentrating  titanium  minerals  from 
some  sand  deposits,  constitute  a  serious  and  grow- 
ing problem  of  disposal  for  some  operations.  The 
mud  and  slimes,  which  contain  approximately  50 
percent  kaolin  and  considerable  organic  matter, 
are  acidified  and  permitted  to  settle  in  large  mud 
lakes  on  land  which  must  be  purchased  by  the 
mining  company.  The  small  quantity  of  clear  water 
resulting  from  the  settling  must  be  neutralized 
with  lime  before  it  is  fed  back  into  nearby  streams. 

The  principal  solid  waste  generated  at  plants 
.using  the  sulfate  process  to  make  titanium  pig- 
ments are  copperas  (FeSO4.7H20)  and  the  mono- 
hydrate  (FeSO4.H20).  About  1.1  million  tons  of 
byproduct  copperas  and  0.4  million  tons  of  the 
monohydrate  are  generated  annually  at  domestic 
plants.  About  one-fifth  of  the  copperas  is  utilized 
in  making  iron  oxide  pigments,  ferrites,  and 
fertilizers,  and  in  water  treatment  plants.  The 
remainder,  containing  a  small  quantity/  of  en- 
trained sulfuric  acid,  is  neutralized  and /dumped 
on  land,  in  streams,  in  the  ocean,  or  stockpiled. 


Apparently  all  of  the  monohydrate,   containing 
entrained  acid,  is  dumped  in  the  same  manner. 

ZINC 

Supply  and  demand. — World  mine  production  of 
zinc  rose  from  2.66  million  short  tons  in  1951  to 
6.06  million  short  tons  in  1970,  representing  an 
average  annual  growth  rate  of  5.2  percent  during 
the  past  decade.  Canada  ranked  first  with  23 
percent  followed  by  the  U.S.S.R.,  United  States, 
Australia,  Peru,  Japan,  and  Mexico  that  accounted 
for  an  additional  44  percent. 

In  primary  metal  production,  the  United  States 
ranked  first  with  16.2  percent  in  1970,  followed  in 
order  by  Japan,  U.S.S.R.,  Canada,  Australia, 
Belgium,  France,  and  West  Germany  accounting 
for  53  percent.  The  large  mine  and  smelter 
productions  of  zinc  in  the  U.S.S.R.  along  with 
that  produced  in  Bulgaria,  East  Germany,  Poland, 
North  Korea,  and  China  were  respectively,  21 
percent  and  22  percent  of  the  world  mine  and 
metal  outputs. 

For  many  years  the  United  States  has  been 
dependent  on  imports  of  foreign  zinc  concentrates 
for  a  large  portion  of  its  smelter  production  and 
the  imports  of  zinc  metal  to  meet  demand.  In 
1970  imports  of  zinc  in  ore  and  as  metal  declined 
13  percent  and  17  percent,  respectively,  from  the 
all-time  highs  estabhshed  in  1969.  The  major  sup- 
pliers of  zinc  in  ore  were:  Canada,  60  percent; 
Mexico,  25  percent;  and  Peru,  9  percent.  Of  the 
imported  metal,  Canada  furnished  45  percent; 
Japan,  12  percent;  Peru,  12  percent  and  Australia, 
11  percent. 

The  U.S.  industrial  demand  for  zinc  in  2000  is 
expected  to  range  between  2.12  and  4.2  million 
short  tons  with  a  probable  demand  of  3.3  million 
short  tons  representing  an  annual  growth  rate  of 
3.0  percent  during  1970-2000. 

For  the  rest  of  the  world,  a  probable  demand  of 
10  milUon  short  tons  is  expected  for  2000  reflecting 
an  annual  growth  rate  of  2.8  percent.  The  range  of 
demand  in  2000  is  projected  to  be  between  6.9 
million  and  11.5  million  short  tons  with  the 
probable  demand  closer  to  the  high  forecast. 

Domestic  reserves  of  zinc  have  a  wide  geo- 
graphic distribution  and  the  supply  from  currently 
known  sources  is  expected  to  be  exhausted  by 
the  year  2000.  Consequently,  the  current  sub- 
stantial U.S.  dependence  on  imports  is  projected 
to  grow. 

Reserves. — Presently  known  U.S.  zinc  reserves, 
recoverable  at  current  prices,   are  estimated  to 
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contain  30  million  short  tons  of  zinc.  This  figure, 
down  nearl}-  4  million  short  tons  in  the  past  2 
years,  reflects  the  permanent  closure  of  a  number 
of  mines  in  1970  and  1971.  The  geographical 
distribution  of  the  domestic  reserve  is  67  percent 
east  of  the  Mississippi  River,  17  percent  in 
Western  States  and  16  percent  in  West  Central 
States.  World  reserves  outside  the  United  States 
are  estimated  to  contain  some  100  million  short 
tons. 

Extensive  resources,  now  considered  inferred 
reserves,  exist  in  the  zinc  producing  areas  of 
the  United  States  and  would  undoubtedly  be 
developed  under  the  incentive  of  a  growing  demand 
accompanied  by  price  increase.  Arizona,  Montana, 
Nevada,  Washington,  Illinois,  and  Virginia  are 
some  of  the  States  having  potential  resources  for 
developing  reserves  needed  to  supply  a  substantial 
portion  of  a  projected  growth  in  demand. 

Recovery  and  recycling. — Recycled  old  scrap 
traditionally  furnished  between  5  and  9  percent  of 
domestic  requirements.  However,  recoverj-  of 
secondary'  zinc  could  be  improved  from  more  old 
scrap  items,  notablj'  die  castings  from  worn  out 
and  obsolete  appHances,  industrial  machinery  or 


junked  automobiles.  According  to  a  recent  study, 
only  182,000  short  tons  or  14  percent  of  secondary 
zinc  was  recovered  from  a  total  of  1,271,000  short 
tons  theoretically  available  for  recycling  in  1969. 
Environment. — Although  zinc  mining  is  generallj' 
an  underground  operation  and  there  are  few 
objectionable  surface  mining  or  waste  stripping 
problems,  the  underground  waste  and  mill  tailings 
represent  a  land-use  conflict  problem  in  some 
locations.  Sintering  and  roasting  plants  converting 
zinc  sulfide  concentrates  to  zinc  oxide  for  smelting 
or  electrolytic  refining  produce  sulfur  dioxide  and 
other  fumes  which  may  pose  pollution  problems. 

FOREST  PRODUCTS 

Supply  and  demand. — Since  1950  the  consump- 
tion of  industrial  wood  products  has  increased  by 
about  a  third  and  now  stands  at  a  record  level 
of  13  billion  cubic  feet.  If  the  anticipated  in- 
creases in  population  and  economic  activity 
take  place,  the  demand  for  timber  products  will 
continue  to  grow  rapidly.  Recent  Forest  Service 
projections  show  that  by  the  year  2000,  the  total 
demand  for  industrial  wood  products  from  domes- 
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tic  forests  will  be  more  than  double  the  present 
level. 

Domestic  timber  supplies  are  not  likely  to  rise 
fast  enough  to  meet  the  projected  increases  in 
demand.  If  the  present  relatively  low  level  of 
forest  management  continues,  rising  demands 
for  timber  will  exceed  available  supplies  within  a 
very  few  years.  The  prospective  shortfall  in  supply 
is  likely  to  be  accentuated  by  further  losses  of 
commercial  forests  lands  and  constraints  associ- 
ated with  the  management  of  much  of  the  com- 
mercial area  for  multiple  purposes. 

The  most  serious  prospective  timber  supply 
problems  in  the  period  immediately  ahead  relate 
to  softwoods  used  for  lumber  and  plywood  prod- 
ucts of  major  concern  in  the  housing  program. 
The  outlook  for  the  pulp  and  paper  industry  is 
somewhat  better  than  for  lumber  and  plywood. 
But  this  industry  too  will  have  to  take  steps  to 
improve  its  raw  material  supply  situation  by  such 
measures  as  growing  more  timber,  increased  re- 
cycling, and  improved  technology.  The  prospective 
shortfall  in  timber  supplies  will  mean  increasing 
competition  for  timber  and  higher  prices  for 
timber  products.  Higher  timber  prices  would  also 
result  in  the  greater  use  of  substitutes.  However, 
there  are  likely  to  be  substantial  environmental, 
economic,  and  social  costs  associated  with  the 
increased  use  of  substitute  materials.  Timber  is  a 
renewal  resource,  unlike  most  competitive  ma- 
terials. Wood  products  are  biodegradable.  Wood 
can  be  processed  with  relatively  little  pollution 
and  with  relatively  low  energy  requirements 
compared  with  most  competitive  materials. 

GLASS  CONTAINERS 

Supply  and  demand. — Because  of  the  impor- 
tance of  glass  containers  in  the  recovery  and  reuse 
of  municipal  waste  products  the  glass  discussion  in 
this  report  is  limited  to  containers.  Glass  con- 
tainers are  widely  used  in  the  packaging  of  foods, 
beverages,  drugs,  cosmetics,  and  other  products. 
During  the  past  decade,  their  growth  averaged 
5.3  percent  per  year  in  physical  units.  Comparable 
growth  rates,  however,  are  not  expected  to  be 
maintained  through  the  1970's  and  beyond.  Al- 
though there  will  be  a  stead}'  growth,  increasing 
competition  from  metal  cans,  and  the  possibility 
of  widespread  introduction  and  use  of  all-plastic 
beverage  bottles  and  composite  containers,  are 
offsetting  considerations.  Aside  from  the  beverage 
market,  the  plastic  container  has  been  the  chief 


source  of  competition  for  the  glass  container, 
particularly  in  such  areas  as  household  supplies, 
toiletries,  and  medicines. 

The  basic  raw  materials  used  in  the  production 
of  glass — siUca  sand,  Umestone,  soda  ash,  and 
minor  amounts  of  many  other  materials — are 
plentifully  available  domestically  and  are  rela- 
tively low  in  cost.  Gullet,  or  crushed  glass,  which 
currently  represents  from  5  to  15  percent  of  the 
raw  material  mix,  is  generally  added  to  facilitate 
the  melting  process  and  to  make  the  batch  more 
workable. 

Production  of  glass  containers,  therefore,  does 
not  present  a  serious  drain  on  natural  resources  in 
the  United  States.  Moreover,  in  the  face  of  in- 
tensive competition  from  plastic  and  metal  con- 
tainers and  overcapacity  in  the  glass  container 
industry,  production  is  currently  more  than 
adequate  to  meet  domestic  demand. 

Apparent  consumption  of  glass  containers  in  the 
United  States  is  virtually  tantamount  to  ship- 
ments, as  exports  and  imports  of  empty  glass 
containers  account  for  approximately  1  percent  or 
less,  respectively  of  total  U.S.  shipments.  High 
transportation  costs  generally  discourage  foreign 
trade  in  this  commodity.  Several  U.S.  companies 
are  producing  glass  containers  in  large  markets 
overseas. 

Recycling  and  recovery. — Traditionally,  crushed 
waste  glass  (cullet)  has  provided  some  5  percent  of 
the  ingredients  needed  to  produce  new  bottles  and 
jars.  The  waste  glass  generated  at  individual 
bottle  plants  generally  provides  an  adequate 
supply  of  cullet  for  this  purpose.  In  line  with  the 
trend  toward  more  utilization  of  cullet,  the  input 
at  some  plants  now  represents  10  to  15  percent 
of  the  total  raw  material  batch. 

Bottle  redemption  programs  initiated  by  the 
glass  container  manufacturing  industry'  in  mid- 
1970  have  augmented  supplies  obtained  from  com- 
mercial cullet  dealers.  Collections  under  this  pro- 
gram through  1971  have  totaled  approximately 
793  million  units,  with  quarterly  volume  rising 
progressively.  One  of  the  industrj^'s  near-term 
objectives  is  to  accumulate  a  sufficient  number  of 
used  glass  containers  to  meet  about  30  percent  of 
the  industry's  total  raw  material  requirements. 
At  current  production  levels  this  would  require 
the  redemption  of  over  11  billion  glass  containers 
annually. 

Most  of  the  reclaimed  glass  is  used  in  the  pro- 
duction of  new  containers.   However,  some  has 
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been  recycled  on  an  experimental  basis  into  such 
products  as  interior  wall  panels,  terrazzo  tile 
flooring,  glass  wool  insulation,  reflection  highway 
paints,  bricks,  and  "glasphalt,"  a  new  blacktop 
pa\Tng  material  containing  crushed  glass  aggre- 
gate. 

Collection  rather  than  the  reprocessing  poses 
the  greatest  reclamation  problem  at  the  present 
time.  Labor,  transportation,  and  other  costs 
involved  in  obtaining  and  supplj-ing  cuUet  to 
glass  container  manufacturers  are  not  cost-com- 
petitive with  the  basic  glass  raw  materials.  In 
order  to  reduce  collection  costs  and  to  provide 
for  more  effective  utilization  of  potentially  recycl- 
able materials  contained  in  municipal  refuse,  on- 
going research  is  being  sponsored  by  both  Gov- 
ernment and  industrj-  sources  into  all  areas  of 
recycling  of  not  only  glass,  but  of  all  packaging 
materials. 

Environment. — Glass  containers  hold  a  unique 
position  among  the  items  appearing  in  litter  and 
solid  waste.  Being  chemically  inert,  glass  does  not 
leach,  rust,  rot,  mold,  or  putrify,  nor  does  it  cause 
disease  or  no.xious  gases.  Glass  containers,  never- 
theless, are  a  factor  in  litter  and  municipal  solid 
waste,  accounting  for  about  6  percent  of  litter  by 
item  count  and  about  5  to  6  percent  by  weight 
of  municipal  solid  waste.  Glass  containers  create 
Wsual  pollution  in  litter  and  have  been  singled 
out  as  a  special  problem  because  they  do  not  de- 
grade and  consequently  remain  intact  until  picked 
up. 

PLASTIC  MATERIALS 

Supply  and  demand. — Applications  of  plastics 
materials  pervade  the  entire  economy,  from 
temporary-  packaging  to  appliance  components  to 
relatively  permanent  construction  uses.  In  1970, 
production  of  plastics  materials  was  more  than 
19  million  pounds  and  apparent  per  capita  con- 
sumption in  the  United  States  was  87  pounds.  The 
average  annual  rate  of  growth  of  apparent  per 
capita  consumption  was  9.7  percent  from  1950  to 
1970;  in  the  period  1960  to  1970,  the  rate  of 
growth  was  11.3  percent. 

Further  penetration  of  plastics  into  existing 
markets,  and  into  new  markets,  is  expected  to 
continue.  If  the  growth  rates  previously  cited  are 
extrapolated  linearh',  per  capita  consumption  in 
the  year  2000  could  range  from  1,400  pounds  to 
2,160  pounds.  If,  as  seems  more  likely,  per  capita 
consumption  of  plastics  levels  off  somewhere  in 


the  middle  hundreds  of  pounds,  say  500,  and  if  the 
low  census  projection  proves  vaUd,  minimum  U.S. 
requirements  for  plastics  in  the  \-ear  2000  would 
be  of  the  order  of  135  billion  pounds. 

Plastics  materials  are  obtained  very  largely 
by  chemical  processing  of  petroleum  and  natural 
gas  raw  materials.  Imports  are  brought  in  on  the 
basis  of  cost  competition,  not  because  of  any 
domestic  lack  of  raw  materials  or  production 
capability.  Process  requirements  for  chemical  ele- 
ments or  compounds  not  produced  in  this  country, 
for  catalytically  promoted  reactions,  or  for  special 
metal  alloys  are  lumped  with  other  such  require- 
ments in  the  metals  and  minerals  portions  of  this 
report.  Even  if  per  capita  and  total  consumption 
in  the  year  2000  reach  the  maximum  estimate,  it 
does  not  appear  that  production  of  plastics  ma- 
terials would  be  constrained  by  lack  of  domestic 
raw  materials.  Cost  and  technological  considera- 
tions may  alter  production  and  consumption 
patterns  if  North  American  oil  shale  and  tar 
sands  become  the  raw  materials  sources  of  the 
future,  but  overall  requirements  could  be  met. 

Recycling  and  recovery. — At  present  there  is 
little  recovery  and  recycling  of  plastic  materials, 
although  developments  are  in  progress.  The  com- 
mon problem  of  sorting  materials  from  waste 
processing  operations  is  compounded  in  the  case 
of  plastics  by  the  general  requirement  to  sepa- 
rate one  plastic  material  from  another  for  almost 
all  subsequent  processing.  Most  new  plastics  ma- 
terials sell  in  the  range  from  10  to  20  cents  a 
pound  at  low  profit  margins,  leaving  little  mar- 
gin for  expenditures  on  salvaging.  Reclaimed 
material  usually  must  be  sold  at  3  to  4  cents  a 
pound  less  than  new  stock,  and  health  regulations 
forbid  the  use  of  reclaimed  mateiial  for  food 
packaging. 

Environment. — In  the  United  States,  plastics 
now  constitute  only  about  2%  of  urban  solid 
wastes.  This  portion  is  expected  to  rise  slowly 
with  time  but  is  not  expected  to  become  a  major 
component.  Despite  their  small  role  in  the  solid 
waste  problem,  plastics  materials'  characteris- 
tic resistance  to  deterioration,  and  their  visibility 
in  litter,  have  contributed  to  the  development 
of  public  opinion  on  their  status  as  an  environ- 
mental problem.  Development  of  biodegradable 
plastics  materials  is  under  vfny,  and  by  1980 
such  materials  are  expected  to  be  commerciallj' 
available  for  most  packaging  applications. 
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RUBBER 

Supply  and  demand. — Future  new  rubber  con- 
sumption in  the  United  States  will  be  affected  by 
the  course  of  the  general  economy  and  more  espe- 
cially by  developments  in  transportation.  About 
three-quarters  of  total  new  rubber  consumed  in 
the  United  States  goes  into  products  used  in  some 
form  of  transportation.  Therefore,  rubber  con- 
sumption in  the  future  will  be  vitally  affected  by 
private  and  public  decisions  involving  employment 
locations,  housing,  mass  transportation,  and  so 
forth. 

Many  factors  such  as  substitution  of  materials, 
the  imponderables  of  social  and  transportation 
changes,  and  value  judgments  such  as  product 
quality,  make  it  difficult  to  estimate  future 
quantitative  levels  of  total  elastomer  require- 
ments. Based  on  the  historic  total  rubber  con- 
sumption growth  rate  of  4.2  percent  annually 
and  current  consumption  of  3  million  tons  annu- 
ally, requirements  in  the  year  2000  could  exceed 
10  million  tons.  Based  on  an  assumption  of  con- 
tinuing incremental  growth  in  absolute  terms, 
but  at  a  decreasing  percentage  rate,  total  rubber 
consumption  in  the  year  2000  would  be  about 
6  million  tons. 

Natural  rubber  comes  largely  from  southeast 
Asia.  As  an  agricultural  product,  it  is  faced  with 
man3'  problems  common  to  all  such  products. 
Natural  rubber  has  one  additional  problem  in  that 
it  takes  5-7  years  for  a  tree  to  produce  rubber 
after  planting,  and  maximum  yield  does  not  occur 
for  several  more  years.  Therefore,  changing  nat- 
ural rubber  productive  capacity  takes  a  relatively 
long  period  of  time.  Although  capacity  will  prob- 
ably continue  to  increase,  the  increase  will  be 
much  slower  than  the  worldwide  growth  in  demand 
for  elastomers.  The  United  States  has  no  domestic 
production  of  natural  rubber,  and  future  domestic 
supply  can  only  be  viewed  in  terms  of  worldwide 
supply  and  demand  with  many  political  and  eco- 
nomic imponderables. 

The  price  of  natural  rubber  fluctuates  freely. 
With  the  development  of  improved  and  competi- 
tive sjmthetic  rubbers,  selling  at  relatively  stable 
prices,  the  volatility  of  natural  rubber  price 
changes  has  tended  to  abate.  The  two  major 
changes  on  the  horizon  for  natural  rubber  are  the 
use  of  stimulants  to  increase  productivity  (e.g. 
Ethrel)  and  the  preparation  of  natural  rubber  to 
technical  specifications. 


Synthetic  rubbers  both  compete  with  and  sup- 
plement natural  rubber.  The  total  worid  demand 
for  elastomers  far  exceeds  the  supply  of  natural 
rubber;  hence,  sjnathetic  rubbers  are  needed  to 
satisfy  demand.  In  addition,  the  specialty  syn- 
thetic rubbers  are  designed  to  be  useful  in  areas 
where  natural  rubber  would  not  be  satisfactory. 
Because  synthetic  rubbers  are  organic  polymers 
made  from  petroleum  derivatives,  their  future 
availability  and  cost  depend  upon  the  availability 
of  petroleum  and  the  level  of  alternative  uses  of 
petroleum  such  as  gasoline,  fuel  oil,  and  plastics 
materials.  Hence,  the  future  availability  and  price 
of  synthetic  rubber  are  tied  closely  to  the  many 
political,  economic,  and  technical  factors  facing 
the  worldwide  petroleum  industry. 

Recycling  and  recovery. — Since  the  early  de- 
velopment of  the  rubber  industry  during  the 
mid-19th  century,  discarded  rubber  products  (foot- 
wear, tires,  etc.)  have  been  converted  into  a 
useful  material  by  partially  reversing  the  curing 
process.  This  reclaimed  rubber  has  some  technical 
advantages  and  can  be  used  as  an  extender  to 
reduce  product  cost.  During  recent  years,  the 
price  of  natural  and  synthetic  rubbers  have 
dropped  while  the  collection  and  processing  of 
rubber  scrap  into  reclaimed  rubber  has  increased 
in  cost.  This  has  resulted  in  a  decline  of  the 
reclaimed  rubber  industry.  Because  of  the  decline, 
the  reclaiming  of  scrap  tires  has  significantly 
decreased.  Reclaimed  rubber  production  could 
turn  around  and  show  some  growth  if  the  price 
of  natural  and  synthetic  rubbers  rose  signifi- 
cantly, if  new  uses  are  found  for  reclaimed  rubber, 
and/or  if  an  appropriate  type  of  Government 
subsidy  were  instituted  for  the  purpose  of  allevi- 
ating the  scrap  tire  solid  waste  problem. 

COAL 

Supply  and  demand. — The  demand  for  coal  for 
direct  use  is  primarily  for  the  generation  of  electric 
power  and  secondarily  for  the  production  of  coke 
for  the  steel  industry.  Coal  use  for  general  indus- 
trial purposes  is  declining  gradually,  and  for 
household  and  commercial  purposes  is  expected 
virtually  to  disappear  by  the  year  2000. 

Estimates  of  future  coal  demand  fall  within  a 
wide  range,  the  high  and  the  low  of  the  range  being 
contingent  principally  on  the  extent  to  which 
nuclear  power  generation  evolves,  and  on  the  ex- 
tent to  which  new  technology  is  developed  for  the 
production  of  steel  with  a  minimal  use  of  coke, 
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such  as  direct  reduction.  A  relatively  low  nuclear 
posture  in  relation  to  total  power  requirements 
will  mean  high  coal  demand.  Conversely,  extensive 
and  viable  nuclear  capabilities  (which  in  turn  will 
depend  largely  on  uranium  supplies,  costs,  and 
degree  of  success  of  breeder  reactors)  will  mean 
substantially  lessened  requirements  for  coal.  Not- 
withstanding other  developments,  if  there  is 
substantial  need  for  synthetic  gas  or  hquid  fuel 
from  coal,  or  if  conversion  processes  become 
economically  competitive  with  natural  suppUes, 
the  demand  for  coal  will  be  enormous.  Taking 
best  available  projections  domestic  coal  demand 
in  2000  will  be  at  least  double  the  consumption  in 
1970,  but  its  percentage  participation  in  the  total 
energy  demand  picture  will  fall  to  13.7  percent 
from  19.2  percent  in  1970. 

In  the  overall,  present  coal  supply  is  more  than 
adequate  to  meet  current  domestic  requirements, 
with  an  excess  available  for  export  and  generation 
of  substantial  credits  to  our  international  balance 
of  payments.  Supplies  of  low-sulfur  coal  are  not 
adequate  to  meet  needs,  however.  The  United 
States  is  self-sufficient  in  coal  to  meet  the  high 
range  of  demand  forecast  for  the  balance  of  the 
century.  It  is  completely  independent  of  foreign 
sources  of  supply,  although  minor  suppHes  from 
Western  Canada  are  imported  as  a  matter  of  con- 
venience. Both  average  f.o.b.  mine  prices  and  rail- 
road freight  rates  are  trending  upward.  Adequate 
suppUes  of  railroad  cars  are  essential  to  coal  avail- 
abihty  since  relatively  httle  coal  is  stored  at  mines 
except  for  unit  train  shipments. 

Reserves. — World  reserves  are  of  great  magni- 
tude, but  for  the  most  part  are  concentrated  in  a 
relatively  few  regions,  i.e.,  the  United  States, 
Peoples  Republic  of  China,  and  the  U.S.S.R. 
with  Europe  as  a  whole  in  a  "middle"  category'. 
U.S.  coal  reserves  are  considered  to  be  more  than 
adequate  to  meet  all  foreseeable  demands.  It  is 
estimated  that  390  billion  tons  are  economically 
recoverable  with  current  technology. 

Costs  of  extraction  have  been  held  lower  than 
they  otherwise  would  have  been  by  high  produc- 
tivity resulting  from  intensive  underground  mech- 
anization and  the  use  of  advanced  equipment  in 
surface  mining.  Productivity  at  underground 
mmes  declined  by  3  tons  per  man  day  in  1970, 
however,  partially  as  a  result  of  the  transition  to 
new  operating  procedures  under  the  Coal  Mine 
Health  and  Safety  Act  and  of  compliance  with 
environmental  requirements.  Costs  f.o.b.  mines 
increased  appreciably. 
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E'nwronmfni.— Principal  among  the  social  and 
environmental  problems  facing  coal  are  air  pollu- 
tion, health  and  safety  in  mining,  the  reclamation 
of  mined  land  surfaces,  water  pollution  from  acid 
mine  drainage,  and  the  disposal  of  solid  wastes. 
Unless  and  until  economically  viable  solutions 
are  developed  through  the  desulfurization  of 
coal,  the  eUmination  of  pollutants  from  stack  gas 
emissions,  or  the  revision  of  sulfur  standards,  and 
satisfactory  means  are  developed  to  assure  the 
continued  high  level  of  surface  mine  production, 
vast  reserves  of  coal  will  not  be  exploited,  and 
remaining  suppUes  will  be  at  much  higher  cost 

GAS 

Supply  and  demand.— Projected  gas  demand  to 
1985  is  at  an  average  annual  growth  rate  of 
about  4  percent,  considerably  less  than  the  6 
percent  rate  recorded  between  1950  and  1970. 
However,  there  is  no  certainty  that  gas  reserves 
will  be  discovered  and  developed  at  a  rate  suffi- 
cient to  meet  such  requirements.  In  1968-70  the 
United  States  produced  62  trillion  cubic  feet  of 
natural  gas,  but  gross  additions  to  proved  reserves, 
excluding  North  Alaska,  totaled  only  34  trilUon 
cubic  feet.  By  the  end  of  1970,  reserves  were  only 
12  times  the  annual  consumption  rate,  yet  10 
years  earUer,  in  1960,  the  reserve-production  ratio 
was  20  to  1. 

Possible  future  sources  of  supply  include  addi- 
tional Federal  lands  in  the  outer  continental 
shelf  areas;  relatively  undrilled  areas  onshore; 
imported  pipehne  gas  from  Canada  as  well  as 
from  Alaska's  North  Slope  via  Canada;  hquefied 
natural  gas  from  South  America,  Africa,  and  the 
U.S.S.R.;  heavy  explosive  fracturing  of  reservior 
rocks  which  are  of  low  permeability;  and  syn- 
thetic gas  made  from  ample  domestic  reserves 
of  coal,  from  petroleum,  or  from  oil  shale. 

In  1970,  demand  for  natural  gas  was  21,367 
billion  cubic  feet  (58.5  billion  feet  daily).  This 
was  about  33  percent  of  the  Nation's  total  energy 
requirement.  Average  daily  use  of  gas  by  1975  is 
expected  to  be  about  76.2  billion  cubic  feet;  by 
1985  it  is  forecast  at  104.7  bilHon  cubic  feet  daily. 
In  the  year  2000,  the  daily  demand  is  forecast  at 
133.9  billion  cubic  feet,  more  than  twice  current 
demand.  The  projections  are  based  on  the  same 
set  of  conditional  assumptions  used  with  petroleum. 

Reserves. — To  meet  burgeoning  demands  for 
natural  gas,  and  still  maintain  an  adequate  inven- 
tory of  supply,  it  will  be  necessary  to  find  and 
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develop  gas  reserves  at  annual  rates  nearly  twice 
as  great  as  the  average  of  the  past  5  years.  There 
is  Government  and  industry  agreement  that  un- 
discovered domestic  gas  resources  recoverable 
with  current  technology  far  exceed  projected  de- 
mands for  natural  gas  through  the  year  2000. 
Estimates  are  that  there  are  2,100  trillion  cubic 
feet  to  be  found,  about  twice  the  volume  needed 
by  2000.  About  40  percent  of  these  resources  are 
in  offshore  areas  under  water  depths  to  200  meters. 

Relatively  small  amounts  of  natural  gas  are 
imported  via  pipeUne  from  Canada,  and  Mexico. 
There  is  little  probability  of  such  imports  ex- 
panding substantially  unless  large  new  reserves 
are  discovered.  Therfore,  significant  increases  in 
natural  gas  imports  probably  will  be  limited  to 
liquid  natural  gas,  which  will  come  in  via  special 
tanker  (LNG).  Supplies  of  such  gas  are  not,  at 
this  time,  under  long-term  arrangements.  Re- 
liability and  security  of  LNG  supplies  from  foreign 
sources  should  be  a  major  factor  in  development 
of  any  trade  in  this  type  of  gas. 

Environment. — Pollutants  from  natural  gas 
when  used  as  an  energy  source  are  either  low, 
easily  removed,  or  nonexistent.  The  major  en- 
vironmentally related  problem  concerns  activities 
involved  in  finding  and  producing  gas. 

PETROLEUM 

Supply  and  demand. — In  1970  the  United 
States  consumed  petroleum  products  at  an 
average  daily  rate  of  14.7  million  barrels.  This 
furnished  about  44  percent  of  the  Nation's 
energy.  Average  daily  use  by  1975  is  expected  to 
be  about  18  million  barrels,  representing  an  annual 
growth  rate  of  about  4  percent. 

Projections  beyond  1975  Become  very  difficult. 
Variables  complicating  near  term  projections 
include  rates  of  economic  growth,  an  apparent 
shift  toward  increased  energy  consumption  rela- 
tive to  real  gross  national  product,  and  po- 
tentials for  sizable  shifts  to  oil  from  other  fuels  as 
energy  users  seek  to  meet  new  environmental 
standards  and  as  they  encounter  further  limi- 
tations in  natural  gas  supplies.  In  longer  term 
forecasting,  other  unknowns  must  be  considered. 
These  include  technological  advances  in  nuclear 
energy  and  those  aiming  at  clean  use  of  coal  in 
the  production  of  synthetic  oil  and  gas;  Federal 
regulatory  practices  as  they  relate  to  natural 
gas;  and  changes  in  cost  relationships  and  life 
styles. 


A  study  by  the  Bureau  of  Mines  considering 
such  contingencies  resulted  in  a  wide  range  of 
demand  possibilities.  A  best  estimate  indicates 
petroleum  demand  for  the  year  2000  at  about 
32.8  million  barrels  daily. 

In  1970,  the  United  States  imported  about  3.4 
million  barrels  of  oil  daily.  Given  an  average 
daily  consumption  of  14.7  million  barrels,  imports 
thus  amounted  to  23  percent  of  the  Nation's  re- 
quirements. If,  domestic  exploration  and  develop- 
ment continue  their  downward  trend,  large  in- 
creases in  imports  are  expected.  By  1980  up  to 
8  million  bsirrels  daily  of  imp6rted  oil  may  be 
needed,  a  large  part  of  which  would  come  from 
Persian  Gulf  and  North  African  countries.  Most 
present  U.S.  imports  come  from  Western  Hemi- 
sphere countries,  but  they  are  not  expected  to 
to  maintain  their  present  role. 

Reserves. — ftoved  reserves  of  crude  oil  and 
natural  gas  liquids,  both  onshore  and  in  the  U.S. 
offshore  areas,  amoimt  to  39  billion  barrels  of 
crude  oil  and  7.7  bUUon  barrels  of  natural  gas 
liquids.  Included  are  the  9.6  billion  barrels  in 
Alaska's  North  Slope,  which  will  not  be  available 
until  transportation  has  been  developed. 

The  Department  of  the  Interior  has  estimated 
that  about  171  bilL'on  barrels  of  offshore  crude 
and  246  billion  barrels  of  onshore  crude  remain  to 
be  found,  and  are  estimated  recoverable  under  cur- 
rent technological  and  economic  conditions,  once 
they  have  been  located.  PVoved  reserves,  however, 
in  the  lower  48  States  continued  decUning  in 
1970  and  were  equivalent  to  only  about  9  years 
of  production  at  current  rates. 

Worldwide  proved  oil  reserves  continue  to  in- 
crease rapidly.  At  the  end  of  1970,  foreign  petro- 
leum reserves  totaled  570  billion  barrels,  of  which 
an  estimated  17  percent  is  under  the  control  of 
Communist  nations.  Foreign  Free  World  re- 
serves are  about  10  times  those  of  the  United 
States.  The  bulk  of  these  are  in  the  Persian  Gulf 
countries,  which  account  for  58  percent  of  the 
total.  Together  with  Venezuela,  Libya,  Algeria, 
Nigeria,  and  Indonesia,  they  constitute  the  world's 
major  petroleum  exporters.  Supplies  of  oil  from 
each  of  these  countries  are  subject  to  interdiction, 
embargo,  enjoinment  or  other  forms  of  restriction. 
Most  of  these  nations  are  now  members  of  the 
Organization  of  Petroleum  Exporting  Countries, 
under  which  its  members  seek  the  highest  possible 
income  from  their  oil  production  through  increased 
ownership  and  control  of  oil  producing  holdings 


43 


781 


and  through  higher  oil  prices  and  taxes.  Pay- 
ments for  oil  from  OPEC  countries  by  1975  are 
expected  to  be  at  least  50  cents  per  barrel  more 
than  at  present. 

Recycling  and  recovery. — Except  for  re-refiniog 
and  other  uses  of  used  lubricating  oil,  there  is 
little  recycling  in  the  petroleum  field  which  would 
add  to  supplies. 

Environment. — The  impact  of  current  environ- 
mental considerations  has  mostly  been  felt  in 
domestic  exploration  and  development,  notably 
in  delaj-ing  Alaskan  production,  restricting  Santa 
Barbara  Channel  development,  postponing  Fed- 
eral offshore  leasing,  and  rigid  control  of  offshore 
production  practices.  Environmental  concerns 
have  also  impacted  on  the  siting  of  refineries  and 
on  deep  water  terminal  facilities.  Requirements 
for  low  sulphur  fuel  oils  have  increased  imports  of 
available  supplies  of  such  oils,  and  this  demand 
has,  and  ^^dll,  trigger  higher  prices  in  the  coun- 
tries of  origin,  in  turn  making  costs  to  the  U.S. 
consumer  proportionately  higher.  Oil  spills  and 
disposal  of  oil  field  and  refinery  wastes  pose  special 
problems. 

URANIUM 

Supply  and  demand. — The  Atomic  Energy 
Commission  estimate  of  fuel  required  for  nuclear 
power  plants  through  1985  is  shown  below. 

Uranium  Requirements  with  Plutonium  Recycle  ' 
[Short  tons  uraiilum  oxide] 

United  SUtes 

Year  

Annual  CumulatlTe 

1972 9,200  9,200 

1973. 10,600  19,800 

1974 14,400  34,200 

1976 18,200  62,400 

1976 20,800  72,900 

1977 23,800  96,700 

1978.- 28,400  126,100 

1979 32,600  167,700 

1980 37,000  194,700 

1981 42,100  236,800 

1982 47,400  284,200 

1983. 63,200  337,400 

1984 69,700  397,100 

1986 66,600  463,700 

'  Assumes  platonium  will  be  Inserted  In  1979  In  7S%  of  the  reactors. 

The  forecast  considered  projected  growth  in 
electricity  demand,  recpnt  growth  in  nuclear 
power,  fuel  characteristics  of  current  and  planned 
plants,  and  utilization  of  plutonium  generated  in 
the  reactors.  Changing  reactor  technology  will 
have  little  effect  on  the  expected  demand  before 
1985.    However,    in    the    1986-2000    period,    the 
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introduction  of  breeder  reactors  could  result  in 
annual  usage  rates  of  uranium  peaking  early  in 
the  1990's  and  then  declining.  On  the  other  hand, 
if  breeder  reactors  are  not  commercially  used  until 
the  nineties,  light-water  reactors  and  high- 
temperature,  gas-cooled  reactors  which  require 
more  uranium  will  continue  to  be  the  principal 
reactor  types  used.  In  this  case,  the  annual  demand 
for  uranium  will  continue  to  increase  at  nearly  the 
same  rate  shown  until  eight  to  ten  years  after 
successful  comoiercial  breeder  introduction,  after 
which  requirements  are  likely  to  decline. 

Domestic  production  of  uranium  was  about 
12,400  tons  of  uranium  oxide  in  concentrate  in 
1971;  foreign  production  was  about  12,300  tons. 
Slippage  of  reactor  construction  has  created  a 
temporary  oversupply  of  uranium  expected  to 
last  at  least  two  or  three  years.  Capability  to 
produce  from  conventional  low  cost  deposits  can 
be  expected  to  increase  as  uranium  demand  rises. 
Production  capability  of  current  and  planned 
plants  could  reach  about  18,000  tons  per  year 
in  1973. 

Introduction  of  breeder  reactors,  now  expected 
by  the  late  1980's,  would  reduce  uranium  require- 
ments and  permit  use  of  much  higher  cost  uranium 
without  significant  effect  on  generating  costs. 
In  the  interim,  lower  cost  resources  will  be  uti- 
lized. The  U.S.  resource  base  must  be  expanded 
to  fill  this  demand.  Prospects  are  good  that  with 
proper  incentives  and  timely  exploration  adequate 
low  cost  resources  can  be  developed. 

The  energy  that  can  be  derived  from  uranium 
is  enormous  compared  to  the  volume  of  the  fuel. 
Transportation  of  uranium,  therefore,  is  not  a 
significant  portion  of  the  cost  of  energj'  recovered, 
in  marked  contrast  to  coal,  oil,  and  gas. 

Most  non-Communist  world  uranium  supply  is 
controlled  by  the  United  States,  Canada,  South 
Africa,  and  France.  These  countries  should  be 
reliable  suppliers  for  the  next  decade  or  two,  until 
demands  exceed  their  capabUities.  Foreign  re- 
sources are  expected  to  be  a  primary  source  of 
uranium  for  Western  Europe  and  Japan.  Produc- 
tion of  22,000  tons  of  UsOj  may  be  attainable  from 
current  and  plaimed  foreign  operations  by  1975. 
Continued  expansion  of  foreign  and  U.S.  resources 
and  production  capability  will  be  needed  to  meet 
projected  demands. 

Reserves. — Domestic  reserves  on  January  1,  1972 
were  estimated  by  the  AEC  to  be  275,000  tons 
UjOg  at  $8  per  pound  and  430,000  tons  UjOg  at 
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$10  per  pound.  Foreign  (non-Communist)  coun- 
tries have  an  estimated  reserve  of  720,000  tons  at 
$10  per  pound.  The  United  States,  Canada,  South 
West  Africa,  and  France  account  for  87  percent  of 
the  total  of  1,150,000  tons  U308. 

United  States  exploration  drilling  activity  has 
been  at  record  levels  in  recent  years  but  has 
decreased  from  30  million  feet  per  year  in  1969 
to  15.5  million  in  1971.  Such  low  rates  may  be 
insufficient  to  maintain  an  adequate  U.S.  reserve 
base. 

Environment. — Uranium  will  be  used  primarily' 
for  generation  of  electricity.  The  fissioning  of  the 
uranium  will  generate  relatively  small  volumes  of 
highly  radioactive  materials.  Only  a  minute  por- 
tion of  this  radioactivity  will  reach  the  environ- 
ment. The  bulk  of  the  radioactive  wastes  will  be 
separated  during  recovery  of  the  nuclear  fuel  for 


eventual  storage  in  solid  form  in  a  Federal  reposi- 
torj'  that  will  effectively  isolate  it  from  man's 
environment. 

Waste  heat  from  nuclear  plants  is  higher  than 
from  some  modern  fossil  plants  because  of  lower 
thermal  efficiency.  Careful  plantsiting  and  use  of 
cooling  devices  can  minimize  the  environmental 
effects  of  the  waste  heat.  In  addition,  advanced 
reactor  designs  will  be  of  higher  thermal  effi- 
ciency, reducing  the  heat  to  be  dissipated. 

Recycling. — Since  only  a  small  portion  of  the 
uranium  in  a  reactor  core  is  consumed  during  a 
reactor  cycle,  reprocessing  of  wastes  and  irradiated 
cores  is  planned  as  a  normal  operational  procedure. 
In  addition,  plutonium,  generated  in  the  reactor 
will  be  recovered  at  the  same  time.  While  special 
techniques  are  required,  the  technology  is  well 
developed. 
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APPENDIX    B 

Statistical  Tables 

Iron  Consumption  for  Production  of  Iron  and  Steel  Products 
(Million  short  tons  contained  iron] 


U.S.  Mine 
production 


Primary 


Net 
Imports 


Appar«nt 
demand) 


U.S. 
Supply 


Secondary 


Net 
exports 


Apparent 
demand* 


Industrial 
demand 


Net 

steel 

imports 


1960.. 
19J1- 
1962.. 
1963.. 
1984.. 

1966.. 
1966.. 
1967.. 
1968.. 
1969.. 

I960.. 
1961.. 
1962.. 
1963.. 
1964.. 

1966.. 
1966- . 
1967.. 
1968.. 
1969.. 
1970.. 

2000.. 


64.7 
66.7 
66.6 
67.1 
44.7 

69.4 
66.6 
61.4 
40.6 
36.2 

63.6 
43.6 
44.2 
46.4 

64.2 

66.1 
67.6 
64.8 
66.3 
69.0 
69.4 

60.0 


6.0 
6.4 
4.2 
6.7 
9.2 

13.3 
16.6 
18.2 
16.1 
22.6 

19.9 
13.9 
18.8 
18  2 
26.1 

27.4 
28.0 
27.4 
28.2 
26.7 
27.6 

103.0 


68.8 
69.7 
64.9 

74.6 
70.7 
73.7 
64.6 
6&6 

64.8 
80.6 
61.3 
67.6 
81.0 

83.3 
84.6 
80.6 
83.3 
88.3 
83.9 

163.0 


32.6 
36.6 
36.9 
3&3 
29.9 

40.7 
43.0 
37.6 
26.9 
33.7 

34.0 
3t8 
30.2 
36.6 
39.4 

41.8 
42.1 
40.1 
40.0 
46.9 
44.7 

'89.8 


-0.6 

-.2 

+.2 

.1 

1.6 

6.0 
6.1 
6.6 
2.6 
4.8 

7.8 
9.4 
4.9 
8.2 
7.6 

6.0 
6.6 
7.6 
6.4 
9.0 
10.6 

'22.8 


33.4 

37.8 
34.2 
380 
28.2 

36.8 
36.7 
29.6 
22.6 
2a7 

28.9 
26.8 
26.7 
30.0 
32.4 

36.6 
36.0 
33.2 
33.7 
38.2 
33.0 

67.0 


96.7 
104.6 

93.0 
107.7 

83.1 

110.4 
107.4 
103.2 
77.1 
87.2 

91.7 
86.4 
87.0 
97.6 
113.4 

118  8 
120.6 
113.7 
117.0 
128.6 
116.9 

220.0 


-1.6 
-.9 
-Z8 
-1.3 
-2.0 

-3.1 
-3.0 
-11 
-1.1 
2.7 

.4 
1.2 
2.1 
3.2 
3.0 

7.9 
9.1 
9.8 
16.8 
8.8 
6.3 

>2S.0 


»  AdJ  for  inventory  changes. 

•  Extrapolated  to  2000  at  same  ratio  to  total  In  1970. 

>  Extrapolated  to  2000  at  same  ratio  to  total  for  last  6  years. 


Chromium 
[Thousands  short  tons  contained  chromium] 


Imports 


Apparent 


U.S.  mine     

production 

Ore 

Alloys  and 
Chemicals 

primary 
demand  ' 

Secondary 
recovery 

Industrial 
demand 

2 

418 

16 

286 

26 

310 

7 

490 

12 

366 

26 

381 

17 

646 

21 

390 

38 

428 

43 

416 

10 

266 

22 

287 

42 

624 

20 

46« 

33 

499 

66 

629 

27 

649 

34 

683 

46 

673 

33 

629 

28 

637 

40 

373 

19 

366 

24 

380 

28 

466 

68 

386 

27 

422 

28 

391 

86 

363 

28 

181 

21 

387 

20 

819 

29 

S48 

0 

420 

26 

283 

32 

*U 

0 

414 

24 

426 

36 

4«I 

0 

442 

30 

647 

44 

381 

0 

469 

43 

616 

60 

Hi 

0 

676 

77 

646 

67 

en 

0 

389 

42 

421 

61 

472 

0 

342 

47 

461 

61 

em 

0 

346 

46 

476 

82 

667 

0 

443 

30 

462 

67 

629 

0 

'1,047 

'73 

1,120 

140 

1.260 

1961. 
1962. 

1963. 
1964. 
1966. 

1966. 
1967. 
1968. 
1969. 
1960. 

1961. 
1962. 
1963. 
1964. 
1966. 

1966. 
1967. 
1968. 
1969. 
1970. 

2000. 


t  Apparent  primary  demand  adjusted  for  Ooverrunent  purchase  and  sale  and  industry  inventory  changes. 
'  Projections  to  2000  on  1870  ratio  to  total  demand. 
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Cobalt 
(Thoosand  pounds  contained  cobalt] 


U.S.  mine 
production 


Net 
imports  1 


Apparent  Secondary 

Srimary  recovery 

emand 


Industrial 
demand 


i»n.. 

1962.. 
1963.. 
196i.. 
1966.. 

196«.. 
1967.. 
1968.. 
1969.. 
1900.. 

1981.. 
1962.- 
1963.. 
1964.. 
1966.. 

19««.. 
1967.. 
1968.. 
1969.. 
1970.. 

2000.. 


903 
1,363 
1,269 
1,996 
2,609 

9,030 
9,883 
9,489 
6,364 
7,764 

9,933 
11,246 
10, 748 

7.380 
10.373 

894 

1,368 

1,641 

789 

614 

10,827 
12,614 
12,289 
8,138 
10,887 

3,696 
4,144 
4,844 
2,994 
2,247 

6,986 
7.T7Q 
2,698 
12,601 
6,683 

10.680 
11.914 

7.542 
15.596 

8,930 

395 
363 
365 
261 
240 

10,976 

12. 2n 

7,897 
15,866 
9,170 

1,046 

721 

948 

1,084 

1,186 

10, 618 
12,901 
11,064 
12. 747 
13,  111 

11.663 
13.622 
12.002 
13.831 
14.297 

178 
207 
246 
148 
87 

11,741 
13,829 
12,248 
13,979 
14,384 

1,216 
1,168 
1,176 
1,003 
697 

16,685 
14,062 
13,266 
16,746 
16,493 

17.900 
16.220 
14.441 
17.748 
16.190 

48 
120 
143 
328 

69 

17,948 
16,340 
14,684 
18.076 
16.259 

0 

24,700 

24,700 

600 

26.200 

I  Net  Imports  adjusted  lor  Oovemment  purchase  and  sale,  industry  stocks  and  exports. 


Columbium 
[Thousands  pounds  contained  columbium] 


U.S.  mine 
production 


Net 
imports  i 


1961.. 
1962.. 
1963.. 
1964.. 
1966.. 

1966.. 
1957.. 

1968.. 
1969.. 
I960.. 

1961.. 
1962.. 
1963.. 
1964.. 
1965. 

1966.. 
1967.. 
1968. 
1969.. 
1970., 

2000.. 


41 

0 
81 


497 
194 


779 
1,224 

706 
1,164 
2,468 

1,610 
2,522 
2,376 
3,638 
4,644 

4,672 
6,633 
4,307 
4,660 
6.066 

19.200 


Industrial 
demand 


*  Net  imports  adjusted  for  Government  purchases  and  sales,  exports  and 
changes  in  Inventory. 


Vanadium 
(Short  tons  contained  vanadium] 


U.S.  mine 
production 


Imports 


Exports 


Industrial 
demand ' 


200 
400 
600 
200 
460 

820 

1961 

1952 

1963.... 

1954 

1956 

1966 

1957 

1958 

2,228 
2,164 
2,606 
3,151 
3,669 

.  .       3,937  ... 

521 

5Z7 
363 

198 
93 

31 

134 
46 

56 
975 

998 

3,612  ... 

667 

786 

2,791 

669 

1,190 
2,468 

1,610 
2,522 
2.376 
3.638 
4,544 

4  672 

1959 

1960 

1961 

1962 

1963 

1964 

1965 - 

1966  

4,092 
6,496 

5, 817  . 

11 
10 

1,316 
3,771 

2,141 

4,760  .. 

1,122 

3,897 
6,049 
6,160 

6,496 

241 
245 
28 

78 

49 

610 

2,491 

2,024 

18,000 

628 
1,282 
1,038 

1,127 

6.633 
4.307 
4.660 
6,056 

9.200 

1967 

1968 

1969 - 

1970 

2000 

6,921 
6,149 
5.906 
6.594 

13,000 

964 

602 

680 

2.061 

0 

2.069 
1.906 
2,018 
1,064 
1,890 

2,210 
1,990 
1,400 
2,087 
2,223 

2.662 
3.684 
3,334 

4,718 
7,208 

6,616 
6,088 
6,n6 
7,976 
7,066 

31,000 


'  Adjusted  for  Government  purchases  and  sales  and  Industry  inventory 

changes. 
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Manganese 
[Thousand  short  tons  contained  manganese] 


U.S.  Mine 
production     — 


Imports 


Ore 


Alloys 


Industrial 
demand  t 


1950 - 239  717 

1961 - - 247  862 

1962 209  1.249 

1963 269  1,813 

1954 - - in  1,021 

1966 - - - 263  998 

1966 247  1,061 

1967 - 267  1,434 

1968.... 196  1,162 

1969 - - - 163  1,146 

1960 -  117  1,216 

1961 - 78  988 

1962 73  933 

1963 - - - 94  993 

1964 - 79  984 

1966 - 83  1,221 

1966 88  1,223 

1967 - - 73  978 

1968 -- - 48  870 

1969 - 93  992 

1970 66  847 

2000 - 0 '  1,840 

1  Industrial  demand  adjusted  for  Government  stocks  and  purchases  and  industry  stocks. 
'  Projection  to  2000  at  same  ratio  as  in  1970. 


88 

1,034 

96 

1,216 

61 

1,070 

98 

1,222 

46 

794 

62 

1,237 

130 

889 

263 

1.267 

68 

963 

83 

1,061 

103 

1,077 

184 

842 

146 

978 

132 

1,096 

170 

1,216 

211 

1,373 

221 

1,363 

193 

1,207 

183 

1,160 

267 

1,317 

238 

1,327 

>620 


2,360 


Nickel 
[Thousand  short  tons  contained  nickel] 


U.S.  mine 
production 


Net  imports  > 


Apparent 
primary 
demand ' 


Secondary 
demand 


Industrial 
demand  3 


1961.. 
1962.. 
1963.. 
1954.. 
l'J66_ 

1966.. 
1967. 
1958., 
1969., 
1960. 

1961. 
1962. 
1963. 
1964. 
1965, 

1966. 
1967. 
1968. 
1969. 
1970. 

2000- 


0.8 

89.0 

86.7 

23.6 

104.6 

.7 

103.0 

101.4 

22.5 

118.3 

.6 

106.0 

106.7 

23.4 

111.1 

.9 

119.2 

94.7 

24.1 

108.4 

3.8 

122.7 

109.3 

32.6 

119.6 

6.7 

127.9 

127.6 

38.7 

158.0 

10.1 

128.0 

122,6 

32.9 

143.9 

11.8 

78.0 

79.0 

23.6 

83.6 

11.6 

106.3 

112.7 

27.4 

119.7 

12.6 

.      93. 1 

108.2 

24.3 

145.9 

11.2 

119.8 

134.2 

29.2 

163.4 

11.2 

116.0 

127.9 

31.3 

159.2 

11.6 

109.0 

120.0 

41.7 

161.7 

12.2 

117.0 

132.1 

60.9 

183.0 

13.6 

167.4 

190.4 

61.4 

241.8 

13.3 

129.2 

228.8 

63.1 

291.9 

14.6 

134.6 

182.6 

62.3 

234.8 

16.2 

137.2 

157.9 

36.6 

194.6 

16.6 

124.4 

149.6 

71.0 

220.6 

16.3 

146.3 

166.7 

64.7 

204.4 

42.6 


385.0 


'  Imports  and  exports  of  virgin  nickel— exclude  nickel  shapes  and  forms. 
'  Adjusted  for  inventory  changes  and  Government  purchase  and  sale. 
3  Adjusted  for  inventory  changes. 
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Tungsten 
[Thousands  pounds  contained  tungsten] 


U.S.  mine 
production 


Imports 


Exports 


Apparent 
primary 
demand  > 


Secondary 
demand 


Industrial 
demand 


1961.. 
1962.. 
1963.. 
1964.. 
1966.. 

1966.. 
1967.. 
1968.. 
1969.. 
I960.. 

1961.. 
1962.. 
1963.. 
1964.. 
1966.. 

1966.. 
1967.. 
1968- 
1969.. 
1970.. 

2000.. 


6,973 
7,244 
9,128 
13,030 
16,619 

14,027 
6,264 
3,606 
3,473 


8,188 
8,280 
6,384 
8,798 
7,666 

7,166 
7.170 
7,496 
6,904 
8,106 


2,260 


6,377  . 
17,416 
28,060 
24,188 
20,700 

20.860 
14,018 
6,642 
6,436 
6,178 

2,744 
3.709 
3,882 
2,737 
3,496 

4,203 

2,004 
1,824 
1.634 
1.284 

71,740  . 


11 
13 
40 
36 


23 

1 

663 

214 
41 
61 
79 
11 

101 

974 

623 

7,162 

19,470 


11,410 

8,634  

7,734  

4,037 ._ 

8,967  

9,061  

8,644 

6,320  

9,836 

11,406  20O 


10,829 
13,441 
10,688 
11,911 
13,488 

17,633 
13,410 

12,608 
16.666 
16,200 

74,000 


300 
260 
376 
400 


426 
460 
600 
600 
600 

2,400 


11.410 
8.634 
7,734 
4.037 
8,967 

9.061 
8.644 
6,320 
9,836 
11.606 

11.129 
13,691 
11.061 
12.311 
13.868 

18.068 
13.860 
13. 108 
16,066 
16.700 

76.400 


1  Adjusted  for  Government  purchase  and  sale,  and  Industry  inventory  changes. 


A  luminum 
[Thousand  short  tons  aluminum  content] 


U.S. 
industrial 
demand  i 


Old  scrap 


Industrial 

U.S.  primary 

Total  net 

and  Govprn- 

U.S.  mine 

Rest  of 

demand  > 

imports  1 

ment  stock- 
pile changes 
(+  or  -) 

production 

world  mine 
production 

922 

748 

-344 

618 

1.834 

1,061 

883 

-289 

467 

2.297 

1.370 

1.266 

-328 

442 

2,646 

984 

1,283 

-868 

660 

2.949 

1,640 

1.272 

-233 

601 

3,364 

1,620 

1.437 

-406 

488 

3,690 

1.362 

1.728 

-762 

396 

4,036 

1.367 

1.971 

-971 

367 

4,269 

2.101 

1.990 

-366 

476 

4,616 

1.686 

1.912 

-888 

669 

6,613 

2,081 

2.140 

-403 

344 

6,049 

2,209 

2.491 

-666 

383 

6,442 

2,489 

2.228 

-166 

427 

6,260 

2,792 

2.339 

6 

448 

6,820 

3.193 

2.821 

-91 

463 

7,684 

3,693 

3.082 

8 

603 

8,399 

3,627 

3,106 

-42 

463 

9,166 

3,747 

3.261 

30 

466 

9,637 

4,088 

3.339 

233 

616 

10,766 

3,961 

3.720 

-362 

683 

11,967 

26.400  . 

603  . 

1961.. 
1962.. 
1963.. 
1964.. 
1966.. 

1966.. 
1967.. 
1968.. 
1969.. 
I960.. 

1961.. 
1962.. 
1963.- 
1964.. 
1966.. 

1966.. 
1967.. 
1068.. 
1969.. 
1970.. 

2000. 


999 
1,132 
1,449 
1,060 
1,640 

1,617 
1,460 
1,447 
2,206 
1,680 

2,237 
2,376 
2.648 
2.964 
3.398 

3.780 
3,702 
3,928 
4,269 
4.128 

28,400 


77 
71 
79 
66 
lOO 

97 


104 

96 

166 
167 
169 
162 
206 

187 
176 
181 
181 
177 

2,000 


>  Includes  bauxite  and  alumina. 
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Beryllium 
[Short  tons  beryllium  content] 


Year 


U.S.  industrial 
demand 


Old  scrap 


Industrial  and 

U.S.  primary 

Total  net 

government 

U.8 

mine 

Rest  of  world 

demand 

imports' 

stockpile 

production 

mine 

changes 

production 

(+  or  -) 

0 

126 

169 

-63 

19 

244 

0 

149 

222 

-94 

21 

MT 

u 

107 

310 

-233 

30 

298 

0 

79 

229 

-177 

27 

276 

6 

les 

241 

-106 

2D 

329 

2 

178 

4W 

-293 

18 

498 

U 

174 

188 

-35 

21 

429 

0 

242 

158 

69 

18 

289 

0 

330 

243 

74 

13 

432 

0 

388 

388 

16 

14 

471 

R 

406 

279 

w. 

w. 

471 

in 

364 

237 

w. 

w. 

401 

n 

360 

201 

w. 

w. 

2S2 

4 

247 

137 

w. 

w. 

197 

13 

298 

267 

w. 

w. 

246 

M> 

335 

60 

w. 

w. 

182 

17 

343 

342 

w. 

w. 

218 

29 

324 

113 

w. 

w. 

282 

6 

463 

144 

w. 

w. 

363 

2 

878 

181 

w. 

w. 

334 

20 

1.770  . 

82 

1961.. 
1982.. 
1953.. 
1954.. 
1968.. 

1956.. 
1957.. 
1958.. 
1969.. 
I960.. 

1961.. 
1962., 
1963.. 
1964.. 
1968.. 

1966.. 
1967.. 
1968.. 
1969.. 
197./.. 

2000. 


126 
149 
107 
79 
160 

m 

174 
242 
330 


414 
369 
384 
261 
311 

350 
360 
383 

469 


1  Mostly  beryl. 

w.  Data  withheld  by  the  Bureau  of  Mines  to  avoid  disclosiog  uf  company  confidential  inrormation. 


Copper 
[Thousand  short  tons  of  copper] 


Year 


Industrial  and 

U.S.  total 

U.S.  primary 

Total  net 

Government 

Refined  pro- 

TT.S. mine 

Rest  of 

demand  — 

demand 

imports 

stockpile 

duction  from 

production 

world  mine 

New 

Old 

changes 
(+  or  -) 

U.S.  mines 

production 

2,183 

478 

488 

1,247 

361 

-66 

952 

928 

1,972 

2,203 

503 

418 

1,288 

482 

-66 

923 

928 

2,098 

2,284 

880 

429 

1,276 

628 

-182 

932 

926 

2,364 

2,011 

649 

407 

1.088 

369 

-186 

842 

836 

2,278 

2,283 

486 

616 

1.282 

347 

-62 

997 

999 

2,421 

2,319 

878 

468 

1,273 

332 

-139 

1,080 

1.104 

2,686 

2,134 

823 

444 

1,167 

220 

-103 

1,060 

1.087 

2,803 

1,813 

386 

411 

1,016 

94 

-80 

1,002 

979 

2,801 

2,148 

460 

471 

1,214 

387 

61 

796 

825 

3,218 

1,977 

441 

429 

1,107 

107 

-121 

1,121 

1.080 

3.670 

2,086 

438 

411 

1,237 

7 

49 

1,181 

1,166 

3.676 

2,277 

806 

416 

1,366 

160 

-19 

1,214 

1,228 

3.647 

2,399 

682 

422 

1,428 

186 

21 

1,219 

1,213 

3.736 

2,669 

619 

474 

1,866 

220 

87 

1,269 

1,247 

3.865 

2,866 

740 

613 

1,613 

188 

89 

1,336 

1,382 

3.967 

3,275 

842 

836 

1.898 

249 

296 

1,363 

1,429 

4,066 

2,792 

760 

483 

1.649 

468 

244 

847 

954 

4,270 

2,811 

760 

621 

1,840 

436 

-66 

1,161 

1,208 

4,436 

3,097 

826 

876 

1.696 

306 

22 

1.469 

1,648 

4,668 

2,820 

744 

604 

1.672 

188 

-104 

1,821 

1,720 

4,847 

9,700 

2.600 

1.700 

6,400 

2,380  ... 

1961.. 
1962.. 
1963.. 
1964.. 
1966.. 

1986.. 
1967.. 
1968.. 
1969.. 
I960.. 

1961.. 
1962.. 
1963- 
1964.. 
1966.. 

1966.. 
1967.. 
1968. 
1969- 
1970.. 

2000.. 


53 


788 


Lead 
[Thousand  short  tons— lead  content] 


Industrial  and 

U.S.  Indus- 

U.S. primary 

Total  net 

Qovemment 

U.S.  smeltere 

U.S 

mine 

Rest  of  world 

trial  demand 

Old  scrap 

demand 

Imports 

stockpile 

domestic  ore 

production 

mine 

changes 

production 

(+  or  -) 

1,078 

442 

636 

262 

14 

360 

388 

1.602 

1,164 

412 

762 

604 

-248 

396 

390 

1,640 

1.191 

429 

762 

636 

-111 

338 

343 

1.757 

1,104 

426 

679 

447 

-95 

327 

325 

1.946 

1,160 

449 

711 

431 

-46 

326 

338 

2.092 

1,166 

446 

720 

468 

-94 

366 

363 

2.137 

1,219 

432 

787 

616 

-86 

368 

338 

2.302 

891 

343 

848 

676 

-306 

277 

267 

2,323 

1,010 

393 

617 

382 

3 

232 

266 

2,314 

948 

408 

640 

359 

-49 

230 

247 

2.373 

1,085 

391 

694 

429 

-36 

301 

282 

2,388 

1,048 

393 

666 

398 

-3 

280 

237 

2,628 

1,102 

427 

676 

386 

46 

244 

253 

2,652 

1,121 

470 

661 

367 

86 

209 

288 

2,449 

1.194 

496 

698 

332 

68 

308 

301 

2,688 

1.288 

486 

783 

407 

61 

326 

327 

2,812 

1,228 

4n 

749 

482 

3 

264 

317 

2.842 

1,379 

471 

908 

462 

91 

386 

369 

2,940 

1,408 

616 

892 

404 

-37 

626 

609 

3.014 

1,33S 

606 

829 

378 

-88 

637 

672 

3,168 

2.730 

1.300 

1.430  . 

470 

1961- 
1962. 
1963. 
1964. 
1965. 

1956. 
1957. 
1968. 
1959. 
1960. 

1961. 
1962. 
1963. 
1964. 
1966. 

1966. 
1967. 
1968. 
1969. 
1970. 

2000. 


Magnesium 
[Thousand  short  tons— magnesium  content] 


Year 


Industrial 

U.S.  indus- 

Old 

U.S.  primary 

Total  net 

and  Qovem- 

U.S. primary 

Rest  of  world 

trial  de-                scrap 

demand  > 

imports  ' 

ment  stock- 

production 1 

pnmary 

mand> 

pile  changes 
(-^or-) 

production  1 

952 

6 

946 

29 

-2 

019 

1,879 

910 

7 

903 

-23 

-9 

935 

1,969 

1.094 

6 

1.088 

29 

-1 

1.060 

2,055 

719 

3 

716 

24 

-8 

698 

2.131 

1,002 

5 

997 

38 

-7 

986 

2,242 

1,146 

6 

1,140 

63 

-3 

1.090 

2,328 

1.135 

6 

1,130 

54 

-37 

1,113 

2.447 

877 

5 

872 

28 

12 

832 

2.678 

1.073 

5 

1.068 

36 

17 

1,015 

2.721 

1.032 

4 

1.028 

12 

14 

1,002 

2,882 

1.074 

5 

1.069 

-45 

18 

1,096 

3,056 

1.081 

4 

1.077 

16 

-1 

1,063 

3,221 

1.180 

2 

1.178 

-2 

-1 

1,181 

3,574 

1,244 

4 

1,240 

-21 

2 

1,259 

3,775 

1,299 

4 

1,296 

-10 

3 

1,302 

3,976 

1.398 

4 

1,394 

54 

22 

1,318 

4,029 

1.192 

4 

1,188 

33 

5 

1,150 

4,118 

1,175 

4 

1,171 

29 

4 

1,138 

4,281 

1.246 

3 

1.243 

8 

23 

1,212 

4,365 

1.166 

3 

1.153 

-3 

15 

1,141 

6.117 

2-770 

30 

2.740  -- 

1.812 

1951. 
1952.. 
1953.. 
1954.. 
1955- 

1966.. 
1967.. 
1958.. 
1959- 
I960.. 

1961.. 
1962.. 
1963.. 
1964.. 
1965.. 

1966- 
1967.. 
1968.. 
1969- 
1970.. 

2000. 


I  Sum  of  total  nonmetal  and  metal. 


^^ 
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Mercury 
[76-pound  flaakfl] 


U.8.  Indtistrial 
demand 


Old  scrap 


U.S.  primary 
demand 


Total  net 
Imports 


Industrial  and 

Government 

stock  pile 

changes 


U.S.  mine 
production 


Rest  of 
world  mine 
production 


1961 66,848  2,000 

1962 42,586  2,500 

1953 52,259  2,800 

1954 42,796  6.100 

1955 57,186  10,030 

1956 64,143  6,850 

1957 52,889  5,800 

1958 62,617  5,400 

1959 64,896  4,950 

1960 51,167  6,350 

1961 65,763  8,360 

1962 66,301  6,800 

1963 77,963  6,520 

1964 81,364  7,619 

1965 73,560  14.906 

1966 71,609  8,536 

1967 69,517  10,696 

1968 75,422  10,570 

1969 77.372  10,673 

K70 61,603  7,348 

2000 102.000  22,000 


64,848 
40,056 
49.459 
36.696 
47,156 

48,293 
47,089 
47.  217 
49,945 
46, 817 

47,403 
69, 501 
71,443 
73,835 
58,664 

62,974 
58.821 
64,852 
66,799 
64,165 

80.000  . 


44,011 
68.027 
84.322 
62.991 
20.230 

48,904 
40.255 
29.719 
29.067 
18,841 

12,062 
31.036 

42,899 

40.723 

9,801 

33,924 
20,797 
16,357 
30,233 
16,969 


3,644 
-40.  618 
-49,200 
—44,838 

7,970 

-24,788 
-27,791 
-20,669 
-10,378 
-6,247 

3.679 
2,189 
9,427 
18.970 
29,271 

7,042 
14.240 
19.  621 

6,926 


7,293 
12.547 
14,337 
18,543 
18,966 

24.177 
34,625 
38,067 
31,256 
33,223 

31,662 
26,277 
19, 117 
14, 142 
19,582 

22.008 
23.784 
28,874 
29,640 
27,303 

44.000  . 


139,707 
138,453 

145.663 
161.457 
166,046 

196,823 
205,375 

207,933 
191,  744 
208,777 

208,338 
218,723 
220,636 
240,991 
248.291 

242,986 
208,289 
230,820 
260,403 
266,626 


Platinum 
[Thousand  troy  ounces] 


1961. 
1952. 
1963. 
1954. 
1966. 

1966. 
1967. 
1958. 
1969. 
I960. 

1961. 
1962. 
1963. 
1964. 
1966. 

1966. 
1967. 
1968. 
1969. 
1970. 

2000. 


Industrial  and 

U.S.  Indus- 

U.S. primary 

Total  net 

Government 

U.g  reflnery 

U.S 

mine 

Rest  of  world 

trial  demand 

Old  scrap 

demand 

Imports 

stockpile 

production 

production 

mine 

changes 

production 

(.+  or  -) 

210 

22 

188 

320 

-164 

22 

27 

336 

229 

28 

201 

229 

-49 

21 

25 

360 

277 

29 

248 

334 

-149 

13 

16 

408 

320 

30 

290 

378 

-106 

18 

18 

479 

467 

31 

436 

483 

-62 

16 

18 

664 

431 

68 

373 

483 

-96 

16 

18 

690 

348 

47 

301 

316 

-26 

12 

12 

713 

264 

36 

229 

248 

-28 

9 

8 

289 

363 

56 

307 

326 

-28 

10 

10 

830 

326 

37 

288 

223 

66 

10 

12 

626 

283 

49 

234 

238 

-21 

17 

17 

614 

30t 

68 

236 

190 

32 

14 

14 

683 

424 

51 

373 

391 

-39 

21 

20 

789 

461 

63 

388 

198 

174 

16 

14 

1,062 

411 

61 

360 

302 

47 

11 

10 

1,287 

691 

47 

644 

268 

368 

18 

18 

1,288 

634 

121 

513 

304 

202 

7 

7 

1.346 

680 

HI 

469 

269 

196 

6 

7 

1.442 

516 

122 

394 

302 

83 

9 

11 

1,472 

616 

109 

407 

293 

106 

8 

7 

1,986 

1.296 

296 

l.OOO  - 

0 

55 


95-852    O  -  73  -51 


790 


Tin 

[Long  tons— tin  contentl 


U.S.  indus- 
trial demand 


Old  scrap 


U.S.  primary 
demand 


Total  net 
imports  ' 


Industrial  and 

Qovemment 
stockpile 
changes 
(+  or  -) 


U.S.  mine 
production 


Rest 
of  world 
mine  pro- 
duction 


1961 88,169  30,746 

1962 78,418  28,800 

1963 86,640  27,600 

1964 82,891  26,190 

1956 90,483  28,340 

1966 90,324  29,440 

1967 82,607  24,260 

1968 72,686  22,810 

1969 n,373  23,700 

1960 80,660  22,060 

1961 78,260  21,690 

1962 79.086  21,040 

1963 78,303  22,332 

1964... 82,780  23,608 

1966 83,966  26,076 

1966 86,462  26,349 

1967 80,638  22,667 

1968 81,961  22,496 

1969 80,606  22,776 

1970 73,028  20,001 

2000. 130,000  40,000 


67,424 
49, 618 
68,040 
66,701 
62,143 

60,884 
68,247 
49, 776 
63,673 
68,510 

66,660 
68,046 
66,971 
69,272 
68,820 

60,113 
67,971 
69,466 
67,730 
53,027 

90,000  . 


68,606 
102,869 
111,873 
91,  979 
86,938 

79,331 
66,191 

.W. 

.W. 

.W. 

'48,636 

'47,684 
'43,278 
31, 879 
41,038 

42,680 
'60,794 
'66,316 
'62,392 
'60,769 


-1,170 
-63,360 
-63,889 
-36,483 
-23,894 

-18.447 

2,056 

W. 

W. 

W. 

8,026 
10,361 
12,696 
27,328 
17,806 

17,436 
7,177 
3,160 
5,338 
2,268 


99 
66 
206 


0 
0 
0 
50 
10 

W. 

w. 
w. 

66 
47 

97 
W. 
W. 

w. 
w. 


169, 312 
174.001 
189,644 
188, 696 
197, 101 

199,600 
200,400 
163,500 
161, 460 
180,390 

184,100 
186,900 
191, 100 
193,400 
201,400 

208,000 

214,200 

>  228,  332 

'  224, 078 

'226.669 


I  Ore  and  metal. 

'  Computed  neglectinp  U.S.  mine  production. 

W.— Data  withheld  by  Bureau  of  Mines  to  avoid  disclosing  of  company  confidential  information. 


Tilanium 
[Thousand  short  tons— titanium  content] 


1961. 
1962. 
1963. 
1964. 
1966. 

1966. 
1967. 
1968. 
1969. 
I960. 

1961. 
1962. 
1963. 
1964. 
1966. 

1966. 
1967. 
1968. 
1969. 
1970. 

2000. 


Industrial  and 

U.S.  Indus- 

U.S. primary 

U.S.  demand 

Total  net 

Government 

U.S 

mine 

Rest  of  world 

trial  demand 

demand 

for  primary 

imports 

stockpile 

production 

mine  produc- 

metal 

changes 

tion 

(-(-or 

-) 

233 

233 

46 

17 

171 

.77 

221 

221 

1 

54 

-2 

169 

186 

256 

266 

1 

87 

5 

164 

237 

266 

266 

a 

91 

1 

174 

272 

315 

316 

6 

110 

18 

187 

326 

376 

376 

13 

147 

9 

220 

460 

342 

342 

10 

191 

-91 

242 

610 

291 

291 

6 

126 

-14 

179 

448 

362 

362 

fl 

128 

31 

203 

609 

338 

338 

8 

107 

-24 

266 

566 

363 

353 

9 

87 

15 

261 

728 

361 

361 

10 

82 

11 

258 

680 

386 

386 

11 

119 

-23 

290 

720 

442 

442 

14 

142 

-17 

817 

832 

444 

444 

16 

168 

-28 

304 

895 

463 

463 

22 

174 

-13 

302 

975 

462 

462 

26 

180 

-23 

296 

1.060 

486 

486 

18 

186 

-4 

306 

1,124 

636 

636 

27 

183 

50 

302 

1,281 

490 

490 

24 

247 

-33 

276 

1,498 

2.090 

1.978 

576 

56 


791 


Zinc 
[Thousand  short  tons — zinc  content] 


Year 


Industrial  and 

U.S. 

U.S.  primary 

Total  net 

Oovemment 

U.8 

mine 

Rest  of 

Industrial 

Old  scrap 

demand 

Imports ' 

stockpile 

production 

world  mine 

demand 

changes 
(+  or  -) 

production 

1,068 

49 

1,019 

849 

-11 

681 

1,978 

962 

66 

907 

603 

-262 

666 

2,274 

1,104 

63 

1,061 

728 

-222 

647 

2,446 

983 

68 

916 

686 

-144 

473 

2,467 

1,238 

66 

1,172 

657 

0 

615 

2.686 

1,126 

74 

1,062 

763 

-263 

642 

2.888 

1,061 

n 

974 

796 

-344 

632 

2,938 

1,018 

70 

948 

663 

-127 

412 

2,968 

1,127 

74 

1,063 

667 

-29 

426 

3,016 

1,024 

68 

966 

613 

8 

435 

3,246 

1,036 

69 

977 

601 

12 

464 

3,381 

1,169 

62 

1,107 

683 

19 

605 

3,425 

1,166 

63 

1,103 

494 

80 

529 

3,507 

1,178 

68 

1,110 

464 

81 

576 

3,866 

1.430 

82 

1,348 

684 

153 

611 

4,130 

1,653 

86 

1.467 

808 

86 

573 

4.388 

1,402 

80 

1,322 

749 

24 

549 

4.769 

1,491 

80 

1.411 

827 

66 

629 

4.970 

1,682 

82 

1.600 

930 

17 

663 

5.274 

1,374 

72 

1.302 

804 

-36 

534 

6.627 

3,200 

200 

3,000  . 

486  . 

1961.. 
1962.. 
1953- . 
1964.. 
1965.. 

1956.. 
1957.. 
1958.. 
1959.. 
I960.. 

1961.. 
1962.. 
1963.. 
1964.. 
1966.. 

1966- . 
1967.. 
1968.. 
1969.. 
Ii70.. 

2000. 


'  Includes  metal,  ore.  and  compounds. 
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Bituminous    coal    and    lignite 
[Thousand  short  tons] 


Petroleum ' — U.S.    production,    imports,    exports,    and 
consumption 

[Million  42-gallon  barrels) 


Year 

Production 

Imports 

Eiports 

Consumption 

Production 

633,666 

292 

66,722 

468,904 

1961 

Natural 

Consump- 

1962.  - 

1963 

466.841 
457,  290 
391,  706 

282 
227 
199 

33,760 
31.041 

426,798 
363,060 

Year 

Crude  oil 

gas  liquids 

Imports 

Exports 

tion 

1964 

1966 

464,633 

337 

61.277 

423, 412 

1951 

2.247.7 

204.8 

309.3 

142.3 

2, 673. 8 

1952 

...        2,298.8 

223.4 

360.0 

145.3 

2.676.0 

1966 

600, 874 

366 

68,563 

1963 

2,367.1 

238.6 

378.3 

133.0 

2, 788. 4 

1967 

492,  704 

367 

76,342 

1964 

2,316.0 

262.1 

385.2 

116  9 

2.845.0 

1968 

410,446 

307 

50,293 

1955 

2.484.4 

281.4 

456.2 

120.6 

3. 100.  5 

1969 - 

412, 028 

376 

37,227 

366,703 

1956 

2,617.3 

292.7 

527.6 

143.3 

3. 227.  8 

1960 

416,612 

260 

36, 491 

1967 

2.616.9 

296.0 

676.8 

191.6 

3,234.6 

1958 

2,449.0 

294.8 

623.2 

86.4 

3,343.2 

1961 - 

402,977 

164 

34,970 

1959 

2,674.6 

320.8 

649.6 

T7.1 

3.477.2 

1962. 

422, 149 

232 

38.413 

1960 

2,674.9 

340.1 

664.1 

73.9 

3,686.8 

1963.. 

458,928 

267 

1961 

2,621.8 

361.7 

699.7 

63.6 

3.641.3 

1964 

486,998 

293 

47,969 

1962 

2,676.2 

372.2 

759.8 

61.4 

3, 796. 0 

1966 

512,  088 

184 

60,181 

1963.... 

2,752.7 

400.9 

774.7 

76.0 

3.921.4 

1964 

2,786.8 

422.6 

826.7 

73.9 

4.034.2 

1966 

633,881 

178 

1965 

2,848.5 

441.6 

900.8 

68.3 

4,202.0 

1SJ67 

662, 626 

227 

49,628 

480.416 

1966           .  . 

3. 027.  8 

486.6 

939.2 

72.4 

4. 410. 8 

1968 

646. 245 

224 

50,637 

498,830 

1%7 

3.216.7 

611.6 

926.0 

112.1 

6.684.5 

1969. 

560,606 

109 

56,234 

607,275 

1968 

3.329.0 

550.3 

1.039.4 

84.5 

4.901.8 

1970 

602,932 

36 

70,908 

1969 

...        3,371.8 

680.2 

1, 156. 6 

84.9 

6. 169.  9 

1970 

3,617.6 

606.9 

1,248.1 

94.4 

6,364.0 

1  Includes  natural  gas  liquids. 


Natural     gas — U.S.     production,     imports^     exports,     and 
consumption 

IBillion  cubic  feet] 


Production '         Imports 


Exports         Consumption 


1961 

7,457 

1962 

8,013 

1963 

8,397 

1954 

8,743 

1966 

9,406 

1966 

10,082 

1967 

10.680 

1968 

11,030 

1969 

12,046 

1960 

12, 771 

1961 

13,264 

1962 

13, 877 

1963 

14, 747 

1964 

15, 547 

1966 

16,04» 

1966 

17,207 

1967 

18, 171 

1968 

19,322 

1969 

20,698 

1970 

21,921 

1  Marketed. 

7 
11 

10 
38 
136 
134 
166 

219 
402 
406 
441 
456 

480 
666 
663 
727 
821 


24 
27 
28 
29 
31 

36 
42 
39 
18 
11 

11 

16 
17 
17 
26 

26 

82 
94 
61 

70 


7,003 
7,498 
7,870 
8,259 
8,920 

9,602 
10,064 
10,626 
11,686 
12, 269 

12,760 
13. 612 
14,341 
16,118 
16,699 

16,769 
17,686 
18,957 
20,388 
21,367 


Uranium 
[Short  tons  uranium  oxide] 


U.S.  AEC  purchases 


United 
States ' 


Foreign  3     Domestic 


Foreign 
sources 


U.S. 

-  commercial 

purchases 

domestic 

sources  only ' 


Pre-1957     ...  14,000  18,900  14,200  33,000 

1967 8,500  13,200  8.600  11,800  . 

1968.    12,400  23,700  12,600  18,800  . 

1959 16,200  27,000  16,400  18,600  . 

1960 17,600  22,900  17,800  16,800  . 

1961      17,300  18,700  17,400  12,900  . 

1962     17,000  16,800  17,000  11,700  . 

1963 14.200  16.200  14.200  8,800  . 

1964     11,800  14,200  11.800  5,300  . 

1966       10,400  9,400  10,400  2,700  . 

1966 10,600  9,300  9,600  2,000 

1967.    11,200  9,100  8,400 

1968     12,300  10,000  7,300 

1969 11.600  11.300  6.200 

1970 12.900  11.400  2.510 

1971. 12,400  12,300  


100 
400 
6,200 
4,300 
9,200 
13,000 


I  Domestic  producers  delivered  4800  tons  UsOi  of  this  production  to  foreign 
buyers  In  the  1966-71  period. 

!  European  nuclear  energy  agency  reports  lu-anlum  production  and  short- 
term  demand,  1969  and  1970.  (Does  not  Include  Congo.) 

'  AEC  regulations  prohibit  use  of  foreign  uranium  In  domestic  reactors. 
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Measures  of  economic  growth,  population,  and  prices,  1960-71 


Year 

Oro6s  national 
product 

Disposable  per- 
sonal income 

Expenditures  for 
new  construction 

Business 
expend- 
itures 
(or  new 
plant 
and 
equip- 
ment 

Number 

of 

housing 

starts 

Mobile 
homes  > 

Popula-  - 
Hon' 

Index  of  industrial  produc- 
tion 

Fuml-        Con- 
Total      ture  and     talners 
fixtures 

Whole- 
sale 
price 
index- 
all  com- 
modities 

Con- 
sumer 

price 
Index  • — 
all  items 

1967  1 
dollars 

Current 
dollars 

1967  1 
dollars 

Current 
dollars 

1967' 
dollars 

Current 
dollars 

BiUimi 
417.8 
450.8 
464.6 

485.4 
478  6 

515.0 
624.5 
632.0 
625.9 
569.6 

573.4 
684.6 
622.9 
647.9 
683.1 

726.4 
773.8 
793.9 
830.8 
862.1 

846  6 
869.4 

Bittiont 

284.8 
328.4 
345.5 
364.6 
364.8 

398.0 
419.2 
441  1 
447  3 
483.7 

503.7 
520.1 
560.3 
590  5 
632.4 

684.9 
749.9 
793.9 
884.2 
929.1 

974.1 
1,046.8 

BUtiima 
285.6 
292.5 
301.2 
315.1 
318  4 

339  4 
353.9 
361.3 
364.7 
381.0 

389.2 
401.2 
420  2 
436.2 

466,7 

49-  / 
526.1 
546  3 
570.8 
587.6 

608.1 
629.9 

BiUi(ma 
206.9 
228.6 
238.3 
262.6 
257.4 

276.3 
293.2 
308.6 
318.8 
337.3 

350.0 
364.4 
386.3 
404.6 
438.  1 

473.2 
511.9 
546  3 
£91.0 
634.2 

687  8 
741.3 

BiUimi 

BOliont 

BiUim 
dottart 
20.2 
25.5 
26.4 
28.2 
27.2 

29.9 
35.7 
37.9 
31.9 
33.6 

38.8 
35.9 
38.4 
40  8 

47  0 

64.4 
63.5 
66.5 

67  8 
76.6 

79.7 
81.5 

Thou- 
Band 
unitt 

THou- 
tond 
uniia 

MOtimt 
152.3 
154.9 
167.6 
160.2 
163.0 

1S5.9 
168.9 
172.0 
174.9 
177.8 

ISO  7 
183.7 
186.5 
189.2 
191.8 

194.2 
196.5 
198.6 
200.6 
202.6 

204.8 
207.0 

1967=100  1967=100  1967=100 

1967=100 
81.8 
91.1 
88.6 
87.4 
87  6 

87  8 
90.7 
93.3 
94.6 
94.8 

94.9 
94.5 
94.8 
94.5 
94.7 

96.6 
99,8 
100.0 
102,5 
106.5 

no  4 
113.9 

1967-^100 
72.1 

1952 

79  5 

80.1 

81.9 

58.5 
61.1 
61.9 
57  9 
64.8 

66.2 
66.7 
72.2 
76  5 
81.7 

89.2 
97  9 
lOOO 
106  7 
110  7 

106  7 
106  5 

67.0 

66.2 
68.8 
68.8 
65.0 
72.6 

71.8 
70  6 

n.6 

80  6 
86.9 

93.1 
101.0 
100.0 
105.4 
107  4 

99.4 
98.7 

S&7 

61.1 

62.1 
61.6 
62.2 
67  9 

68.2 
72.0 
75.0 

77.4 
82.0 

88.8 
96,5 
100.0 
106  5 
117  4 

119.5 
116.7 

1956 

81.4 
84.3 

1967 

61.9 

67  4 

65.8 

67  0 
69.7 
73.4 
74.9 

78.9 
79.2 
77.5 
81.7 
81.6 

77  4 
82.8 

50.2 

66  3 

51.6 

56.3 
60.0 
64.6 

67  4 

73.4 
76  0 
77.5 
86.6 
93.3 

94.3 
108  6 

1959...- 

1960... 
1961...- 
1962--.- 
1963--- 
1964.... 

196i-.- 
1966.... 
1967.... 
1968... 
1569...- 

1970  '. . 

1971  i. . 

1.564 

1,296 
1.366 
1,492 
1,642 
1,561 

1,510 
1,196 
1,322 
1,546 
1,500 

1,469 
2.081 

121 

104 

90 
118 
151 
191 

216 
217 
240 
318 
413 

401 
492 

87.3 

88.7 
89.6 
90.6 
91.7 
92.9 

94.5 
97.2 
100.0 
104.2 
109.8 

116.3 
121.3 

1 1967  dollars  calculated  by  Forest  Serrice,  except  "Expenditures  for  new  constnictitHi,"  1969-71. 

*  Manufacturers'  shipments, 
s  As  of  July  I. 

*  Index  for  city  wage  earners  and  clerical  workers. 

*  i'relimlnary. 

Source:  Gross  national  product,  disposable  personal  income,  and  expenditures  for  new  plant  and  equipment.  Council  of  Economic  Advisers,  1950-59,  "Eco- 
nomic Report  ot  the  President.  "Januar>'  1972;  1960-71.  "Economic  indicators."  February  1971.  Expenditures  for  new  construction.  U.S.  Department  of 
Commerce,  Bureau  of  the  Census,  "^'alue  of  new  construction  put  in  place,"  Construct.  Reps.  Ser.  C30.  Number  of  housing  starts,  U.S.  Department  of 
Commerce,  Bureau  of  the  Census.  "Housing  Starts,"  Construct.  Reps.  Ser.  C20.  Mobile  homes,  U.S.  Department  of  Commerce.  Bureau  of  Domestic  Com- 
merce. "Construction  review."  Monthly  Indust.  Rep.  Population.  U.S.  Department  of  Commerce.  Bureau  of  the  Census  "Population  estimates  and  pro- 
jections." Curr.  Pop  Reps.  Ser.  P-25.  Index  of  industrial  production  1954-70,  Board  of  Governors  of  the  Federal  Reserve  System.  "Detailed  industrial  production 
series,  January  lP64-March  1971."  1971  revision;  1971,  U.S.  Department  of  Commerce,  Bureau  of  Economic  Analysis.  "Survey  of  Current  Business".  Whole- 
sale price  Index.  U.S.  Department  of  Labor,  Bureau  of  Labor  Statistics.  "Wholesale  prices  and  price  indexes".  Consumer  price  index,  U.S.  Department  of 
Labor,  Bureau  of  Labor  Statistics.  "The  consumer  price  index". 
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Production,  imports,  exports,  and  apparent  domestic 

(MiUion  cubic  feet, 


All  products 

Industrial  roundwood  used  for— 

Year 

Domestic 
produc- 
tion 

Apparent 
consump-    - 
tlon 

Doinestic 

pro- 
duction 

Total 
Imports 

Exports 

Apparent 
consump- 
tion 

Lumber 

Domestic 

pro- 
<fi4Gtlon 

Imports          E 

t  ports 

Apparent 
consump- 
tion 

1950. 

1961 

1962 

1963 

1964 

10,796 
10,970 
10.780 
10,710 
10,686 

12.180 
12,180 
11,940 
11,940 
11,780 

8.626 
8,740 
8,776 
8,790 
8,760 

1.626 
1,466 
1,376 
1,420 
1,460 

140 

260 
216 
190 
270 

9,910 
9,960 
9,936 
10,020 
9,946 

6,906 
6,780 
6,820 
6,710 
6,636 

636 
396 
390 
430 
480 

80 
166 
116 
100 
116 

6,380 
6,020 
6,096 
6,040 
6,000 

1966 

1968 - 

1967 

1968 

1969 

10,960 
11,280 
10,190 
9,986 
10,760 

12,220 
12, 616 
11,346 
11, 170 
12,096 

9,206 
9,626 
8,626 
8,606 
9,360 

1,610 
1,646 
1,490 
1.496 
1,700 

336 
310 
336 
310 
366 

10, 476 
10,960 
9.780 
9,690 
10.706 

6,786 
6.920 
6.100 
6.160 
6.746 

660 
636 
466 
630 
636 

130 
120 
130 
116 
126 

6,216 
6,336 
6,436 
6,676 
6,266 

1960 

1961 

1982.... 

1963 

1964 

10,210 
9,940 
10,166 
10,616 
11,176 

11,436 
11,186 
11,670 
11,980 
12,496 

8,910 
8,726 
9,036 
9,660 
10,190 

1.680 
1.746 
1,910 
1,990 
2.040 

466 
496 
600 
630 
720 

10.136 
9,970 
10.446 
10,926 
11,610 

6,080 
4.946 
6.120 
6.366 
6.636 

616 
666 
766 
830 
816 

136 
120 
120 
136 
160 

6,660 
6,486 
6,766 
6,060 
8,306 

1966. 

1968 

1967.. 

1968           . .     . 

11,466 
11,626 
11,216 
11,686 

12,860 
12,960 
12,420 
12,960 
12,930 

10,660 
10,680 
10,440 
10,986 
10,946 

2,106 
2.226 
2,160 
2.396 
2,600 

716 

800 

966 

1,120 

1.136 

11,936 
12,106 
11,646 
12,260 
12,310 

6,670 
6,646 
6,360 
6,630 
6,636 

816 
810 
800 
960 
980 

146 
160 
176 
180 
180 

6.346 
6,296 
6,990 
6,406 
6,340 

1969' 

11,666 

1970'... 

1971  > 

11,620 
11,960 

12,680 
13,620 

10,980 
11,460 

2,410 
2,736 

1,360 
1,170 

12,040 
13,020 

6,316 
6,696 

966 
1,186 

200 
170 

6,070 
6,710 

t  Columns  may  not  add  to  totals  because  of  rounding. 

'  Includes  both  pulpwood  and  tho  pulpwood  equivalent  of  wood  pulp,  paper  and  board. 

'  Includes  cooperage  logs,  poles  and  piling,  fenceposts,  hewn  tlss,  round  mine  timbers,  boi  bolts,  excelsior  bolts,  chemical  wood,  shingle  bolts,  and  miscel- 
laneous Items. 

*  Less  than  2.5  million  cubic  feet. 
'  Preliminary  estimates. 

Sources:  Based  on  data  published  by  the  U.S.  Departments  of  Commerce  and  Agriculture.  Data  for  1900-49  in  "The  demand  price  situation  for  forest  prod- 
ucts, 1964,"  table  2. 
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consumption  of  limber  products,  by  major  product,  1960-71  * 
roundwood  equivalent] 


Industrial  roundwood  used  for 

—Continued 

Logs 

Plywood  and 

veneer 

Pulp  products 

Mlscel- 

Fuelwood, 

apparent 
consum[>- 

Domestic 

Apparent 

Domestic 

Apparent 

products,' 

pro- 

Imports 

Exports 

consump- 

pro- 

Imports >       Exports  > 

consump- 

apparent 

Imports 

Exports 

Uon 

duction 

Uon 

duction 

tion 

consump- 
tion 

m 

S 

(•) 

3S0 

1,600 

936 

60 

2,386 

770 

46 

10 

2,270 

sw 

10 

(') 

400 

1,826 

1,026 

90 

2,766 

730 

36 

16 

2,230 

«s 

10 

('! 

440 

1,810 

945 

85 

2,665 

700 

30 

10 

2.010 

475 

IS 

<*? 

49S 

1,910 

935 

70 

2,776 

676 

40 

20 

1,920 

480 

ao 

(') 

SOS 

1,960 

920 

135 

2,746 

655 

36 

26 

1,836 

S7C 

40 

(') 

61S 

2.185 

976 

176 

2.980 

630 

36 

26 

1,746 

taa 

4S 

(•) 

830 

2,480 

1,040 

160 

3.356 

606 

30 

30 

1,666 

HO 

4S 

(') 

60S 

2,360 

960 

185 

3.135 

680 

25 

25 

1,S«S 

as 

SO 

(•) 

66S 

2.136 

895 

165 

2.870 

660 

16 

30 

1,480 

7M 

7t 

S 

790 

2.330 

970 

195 

3.106 

635 

20 

36 

1,390 

70S 

<0 

(') 

766 

2.666 

985 

276 

3,280 

610 

20 

45 

1,300 

7as 

SO 

(') 

826 

2.460 

1,000 

296 

3,156 

490 

20 

75 

1,216 

800 

75 

(') 

876 

2.  665 

1.065 

295 

3,326 

466 

20 

86 

1.126 

870 

80 

6 

960 

2,670 

1.060 

340 

3.390 

515 

16 

ISO 

1,0S6 

960 

90 

6 

1,045 

2.885 

1.120 

395 

3.610 

540 

10 

170 

986 

1,030 

100 

6 

1,125 

3,100 

1.  176 

380 

3.900 

560 

10 

190 

916 

1,030 

US 

5 

1,140 

3,220 

1.285 

420 

4.085 

665 

16 

220 

846 

1,030 

110 

10 

1.130 

3,220 

1.235 

460 

3.996 

SIS 

16 

310 

776 

1,060 

169 

10 

1,210 

3,410 

1.260 

525 

4,140 

485 

16 

405 

700 

960 

180 

20 

1,120 

3,620 

1.330 

666 

4,386 

466 

16 

375 

620 

»»6 

170 

16 

1,145 

3,815 

1.266 

70O 

4.376 

426 

26 

430 

640 

1,130 

210 

IS 

1,320 

3,826 

1.326 

626 

4.626 

450 

IS 

360 

SCO 
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Glass  containers 
[In  thousands  of  gross] 


Year 

Manufftftiirftrs 

Imports 

Eiports 

Apparent 

shipments 

consumption 

1951 

114,738 

(') 

(') 

(') 

1982 

114, 102 

(') 

(') 

1963 

127,  616 

'D 

(') 

19M 

124,649 

(') 

(') 

1966 

137, 278 

(') 

0) 

1966 

140,890 

(') 

(') 

1967 

143. 467 

0) 

(') 

1968 

143,366 

(') 

0) 

1969 

163, 102 

(') 

(') 

1960 

166,  799 

(') 

C) 

1961 

166,666 

(') 

(') 

1962 

174, 196 

!'' 

(') 

1963 

177,888 

0) 

(') 

1964 

188,  741 

206 

(1) 

(') 

1968 

198, 131 

240 

17,869 

181,012 

1966 

206,299 

393 

9,668 

187, 124 

1967 

231,046 

886 

8.792 

222,639 

1968 

223,636 

980 

2,960 

221,666 

1969 

263,198 

1,243 

3,476 

260,966 

1970 

288, 810 

1,098 

3,796 

283,912 

Year 


Natural  rubber 
{Long  tons] 


Imports       Exports      Stockpile    Consump* 
sales  1  tlon 


1961 743,048 

1»«2 _ 806,676 

196S 647,614 

1964 697,200 

19M 637,677 

1986 679,217 

1987 668,672 

1968 474,409 

1969 - 673,487 

1960 410,767 

1961 ^ 390,907 

1962 .r. 421,096 

1963... 379,627 

1964 441,763 

1966 448,230 

1968 432,318 

1967 483,624 

1968 640,670 

1969 686,632 

1970 660,268 


2,603 484,016 

3,024 463,846 

8,376 663,473 

7,443 696,286 

10.611 834.800 

11,302 682,088 

10,146.. 638,761 

16,749 484,492 

16, 266             6, 788  666, 044 

12,410           88,937  479,048 


6.038 

26,770 

427,341 

8.169 

68.097 

482, 769 

17.814 

84,191 

467,228 

29.136 

96.974 

481,800 

36.833 

119,660 

814, 706 

49.836 

166,608 

646,678 

41.220 

96.884 

488,848 

40,923 

78, 616 

881.864 

23,070 

34,762 

698.272 

16,988 

28,628 

689.316 

i  Comparable  unit  data  not  available  for  years  indicated. 


1  Stockpile  acquisitions  took  plare  primarily  la  the  1960-63  period  but 
aotiual  data  are  not  available. 


Plastics 

materials   and 

resins 

Synthetic  rubber 

(Million  pounds) 

[Long  tons] 

Year 

Production  i 

Imports '            E 

I  ports' 

Apparent 
consumption 

Year  ■ 

Production 

Imports 

Exports 

Consumption 

1961 

846,169 

10,086 

9,249 

768,897 

1961 

2,441 

9 

199 

2,261 

1962 

798,668 

19, 891 

22,101 

807,037 

1962 

2,333 

10 

173 

2,170 

1963 

848.441 

12,780 

22,668 

784,836 

1963 

2,777 

21 

199 

2,699 

1984 

622.862 

16,901 

30,117 

636,727 

1964 

2,828 

20 

284 

2,894 

1966 

070,488 

10,629 

93,734 

894,899 

1968 

3,739 

24 

324 

3,439 

1988 

1, 079, 674 

7,767 

149,368 

874,394 

1966 

3.9n 

30 

423 

3,684 

1967 

1,118,173 

8,828 

203.448 

928,879 

1967 

4,340 

26 

609 

3,887 

1988 

1, 064, 626 

9,300 

193,  917 

879,912 

1988 

4,618 

26 

683 

3,961 

1969 

1, 379, 682 

6,719 

290,468 

1,072,726 

1989 

8,868 

38 

718 

6,183 

1960 

1, 436, 442 

9,198 

341,964 

1,079,248 

1960 

6,143 

40 

819 

6,364 

1961 

1, 404, 009 

11,660 

296,983 

1.102.171 

1961 

6,710 

20 

862 

6,877 

1982 

1,674,464 

13,608 

303,903 

1. 268. 936 

1962 

7,942 

34 

918 

7,068 

1963 

1. 608. 463 

18.860 

283,404 

1.306.788 

1963 

8,988 

68 

930 

8,094 

1964 

1,  764. 941 

31.926 

321,  267 

1.461,813 

1964 

10, 103 

43 

1,247 

8,899 

1966 

1.813.232 

89.993 

282,660 

1,640,114 

1966 

11.688 

88 

1,213 

10,830 

1966. 

1. 969. 973 

44.610 

308.836 

1,688,067 

1966 

13,686 

148 

1,033 

12,700 

1967 

1.911,873 

40.608 

803,169 

1,828,288 

1967 

13,793 

178 

1,077 

12.894 

1968 

2. 131. 106 

60,808 

292,662 

1, 896, 200 

1968 

16,360 

219 

1.603 

16.076 

1969 

2.  260. 192 

79,348 

231,629 

2,024,081 

1969 

18, 676 

242 

1,847 

17.371 

1970 

2,197,004 

92,281 

298,738 

1,917,862 

1970 

19, 172 

278 

1,636 

17,818 

1  U.S.  Tanfl  Commission. 

'  Bureau  of  the  Census  and  BDC  estimates. 
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Reclaimed  rubber 
[Long  toDfi] 


Year 

Production 

Imports 

Exports 

Consumption 

196J 

366,933 

767 

14,744 

346, 121 

1982 

273,386 

1,696 

11,180 

280,002 

1868 

296,660 

2,787 

11.697 

286,060 

I9M 

267.088 

1,013 

10,232 

249,049 

19M 

326,914 

734 

13,988 

312,781 

IBM 

286,804 

416 

13,832 

270,647 

1967 

273,989 

168 

13.026 

266,862 

19U 

269,678 

231 

11,362 

248,166 

19W 

304,146 

136 

13,027 

290,410 

19M 

292,796 

407 

13,769 

276,616 

1961.- 

263,860 

26 

16,620 

260,286 

1962 

280,627 

361 

17,667 

263,419 

1983 

281,449 

600 

17,412 

263,668 

1964 

276,267 

786 

16. 491 

283,194 

1966 

280,289 

1,084 

10.966 

289,  M2 

1966 

277,383 

1,266 

11,669 

264,606 

1967 

243,660 

1,868 

9,909 

239,271 

1968 

267, 218 

4,204 

9,760 

260,426 

1969 

238,923 

1,970 

9,188 

231,770 

1970 

200,666 

1,686 

9,240 

199,671 
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PREFACE 

This  report  replies  to  a  request  from  the  National 
Commission  on  Materials  Policy  for  early  identification  of 
issues  and  problems  to  whose  resolution  a  national  materials 
,po1icy  should  be  directed,  and  to  recommend  such  possible 
solutions,  constructive  actions,  and  needed  studies  as  could 
be  reasonably  formulated  within  the  time  allowed. 

The  limitations  of  our  inquiry  were  fixed  by  the  time 
available  between  receipt  of  charges  and  the  deadline  date 
for  the  report.   We  met  on  the  13th  of  April  to  define  the 
central  issues  and  identify  persons  qualified  and  available 
to  serve  on  affiliated  study  panels.   We  met  again  on  the 
19th  and  20th  of  May  to  engage  in  seven  simultaneous  panel 
workshops  (19th  of  May  only),  and  to  discuss  in  plenary 
session  the  panel  contributions  (morning  of  20th  of  May), 
and  rough  out  the  final  report  (afternoon  of  20th  of  May). 
The  rest  of  our  work  was  done  by  mail  and  telephone.   By 
direction  or  necessity,  we  have  confined  our  consideration 
to  mineral  materials  excluding  water,  and  have  considered 
these  primarily  in  general  terms  except  by  way  of  exem- 
plification or  as  specific  issues  arose. 

Thus  our  responses  are  not  the  fruits  of  long  delib- 
eration together  and  they  do  not  cover  all  fields  of  materials 
science  and  engineering.   Rather  they  represent  the  pooled 
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judgments  of  several  groups  of  people  who  have  been  concerned 
about  questions  and  issues  believed  central  to  the  formula- 
tion of  a  coherent  and  workable  materials  policy,  and  who 
were  willing  to  interact  with  other  groups  and  respond  to  their 
criticisms,  all  on  short  notice.   Because  of  the  way  it  was 
put  together,  the  style  of  this  report  is  inevitably  uneven; 
but  we  have  tried  to  confront  the  issues  squarely  and  to 
respond  to  them  honestly.   While  we  are  painfully  aware  that 
more  time  would  have  produced  a  smoother  and  more  balanced 
report,  we  hope  we  have  come  close  to  our  goal  of  identifying 
a  substantial  number  of  the  significant  elements  involved  in 
the  formulation  of  a  national,  or  even  an  international, 
materials  policy. 

Finally,  it  must  be  added  that  this  report  presents  the 
consensus  of  a  diverse  group  with  backgrounds  in  industry, 
government,  and  academia.   It  is  unlikely  that  any  participant 
is  in  agreement  with  all  statements  in  the  report.   It  is  inter- 
esting, nevertheless,  that  there  was  but  small  support  for  the 
view  that  market  forces  alone  will  solve  the  foreseeable  prob- 
lems.  Even  in  the  areas  in  which  there  was  complete  agreement, 
more  extensive  study  will  be  essential  to  the  formulation  of 
a  truly  comprehensive  and  durable  national  materials  policy. 


PRESTON  CLOUD,  Chairman 
Ad  Hoc  Committee  on 
Material s  Pol  icy 
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ABSTRACT 

Seven  major  issue  areas  are  considered  as  central  to 
the  formulation  of  a  coherent  and  durable  national  materials 
pol icy.   They  are : 

1.  Abundances  of  mineral  commodities  and  problems  affect- 
ing future  primary  supplies 

2.  Implications  of  environmental  protection  policy  for 
national  materials  policy 

3.  Recycling,  substitution,  synthesis,  and  design 

4.  Extractive  metallurgy  and  mineral  processing 

5.  Governmental  incentives  and  controls 

6.  International  implications  of  materials  policy  issues 

7.  Manpower  and  facilities 

The  issue  areas  are  the  subject  of  separate  skeletal  chapters 
representing  the  pooled  views  of  special  panels  convened  to 
identify,  in  their  bare  essentials,  the  more  explicit  issues 
and  problems  connected  with  their  respective  areas.   Demo- 
graphic, economic,  environmental,  educational,  and  inter- 
national issues  and  variables  are  considered  as  appropriate 
to  the  content  of  all  chapters  even  though  these  were  in  part 
the  major  charges  of  individual  panels. 

Crucial  to  all  seven  issues  is  an  eighth  one,  not  the  sub- 
ject of  separate  study  --  the  continuing  growth  of  populations 
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and  demands  for  materials.   Any  viable  materials  policy  must 
recognize  and  cope  with  the  pressures  created  by  increasing 
per  capita  consumption  of  materials,  increasing  numbers  of 
consumers,  and  growing  need  for  control  of  both. 
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SUMMARY 


The  maintenance  of  a  healthy  and  moral  industrial 
society  depends  on  a  continuing  and  varied  flow  of  raw  and 
refined  materials,  obtained  and  processed  with  due  regard 
to  environmental  quality  and  for  fundamental  equity  among 
people  and  nations.   The  United  States  and  the  world  in 
general  are  at  a  point  of  growing  pressure  with  respect  to 
availability  of  raw  materials,  their  harmonious  apportion- 
ment among  nations  and  social  groups,  and  the  impact  on  our 
ecosystem  and  society  of  their  production,  refinement,  and 
di  sposal . 

Study  of  a  selected  group  of  key  mineral  raw  materials 
over  recent  decades  by  E.  N.  Cameron  of  this  Committee, 
reveals  that  domestic  production  in  the  United  States  has 
decreased  from  about  40  percent  of  world  production  in 
1940  to  less  than  20  percent  in  1971,  and  is  still  trend- 
ing downward.   We  are  now  almost  completely  dependent  on 
foreign  sources  for  22  of  the  74  non-energy  mineral  commodi- 
ties considered  essential  for  a  modern  industrial  society. 
The  First  Annual  Report  of  the  Secretary  of  the  Interior  under 
the  Mining  and  Minerals  Policy  Act  of  1970  (March  1972,  Table 
10,  Fig.  11)  shows  that,  across  the  board,  in  1970,  the  United 
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States  imported  about  20  percent  of  its  total  primary  mineral 
requirements,  while  using  about  35  percent  of  the  global  min- 
eral product.   Meanwhile,  consumption  is  pushed  upward  both  by 
growing  populations  and  by  increasing  per  capita  demands.   It 
escalates  in  such  a  way  under  these  pressures  that,  even  with 
substantially  enlarged  domestic  production  and  recycling,  an 
end-of-cen tury  deficit  of  54  percent  of  our  primary  raw  mater- 
ials demand  is  forecast  in  the  Secretary's  report.   Thus  our 
dependence  on  imports  is  growing,  and  at  the  ^ery    time  that 
general  world  demand  has  also  begun  to  rise  more  rapidly,  for- 
eign sources  grow  increasingly  precarious,  and  "Third  World" 
voices  for  an  equitable  share  in  Earth's  material  goods  grow 
ever  more  insistent.   The  trends  are  explicit  in  the  graphs, 
tables,  and  commodity  summaries  of  the  report  referred  to,  as 
well  as  in  the  "Interim  Report"  of  April  1972  by  the  National 
Commission  on  Materials  Policy. 

It  is  clear  that  a  fresh  and  flexible  materials  policy 
must  be  formulated  and  continue  to  evolve  if  we  are  to  cope 
with  present  challenges  and  expected  changes.   The  concept  of 
continuing  material  growth  as  an  axiom  and  keystone  of  such 
a  policy  needs  to  be  re-examined,  particularly  where  it  does 
not   demonstrably  add  to  quality  of  life  in  terms  of  variety 
and  flexibility  of  options  for  living  generations  and  avoid- 
ance of  their  foreclosure  for  future  ones.   Environmental, 
social,  and  energy  costs  must  be  counted,  along  with  obvious 
fiscal  costs,  as  the  total  price  we  pay  for  continuing  ma- 
terial affluence.   Perceptive  and  sustained  attention  must 
be  paid  to  the  net  of  interactions  among  all  the  varied 
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activities  having  to  do  with  the  supply  of  finished  mater- 
ials of  specified  characteristics  for  structures  and  func- 
tions.  Similar  attention  is  needed  to  the  provision  and 
training  of  the  scientists  and  technologists  required  to 
conduct  these  activities  and  to  safeguard  the  ecosystem, 
as  well  as  to  the  effectiveness  of  the  facilities  with  which 
they  work. 

The  crux  of  the  matter  is  how  to  sustain  a  continuing 
flow  of  needed  raw  materials  without  encountering  unac- 
ceptable environmental,  social,  political,  or  fiscal  costs. 
Mineral  industry  issues  central  to  needed  solutions  are 
summarized  below  and  briefly  elaborated  in  Chapters  1  to  7. 

Although  some  mineral  commodities  are  widespread  and 
abundant,  others , rel  ati vel  y  abundant,  are  unevenly  distri- 
buted, and  still  others  are  rare  and  geographically  limited. 
We  should  try,  as  far  as  possible,  to  base  our  industrial 
future  on  widespread  and  abundant  basic  commodities,  such 
as  iron,  aluminum,  magnes ium , and  the  silicates,  and  to  min- 
imize dependence  on  those  in  short  supply.   And  we  should 
create  or  strengthen  the  institutions  and  support  the  re- 
search needed  to  evaluate  and  monitor  the  complete  spectrum 
of  mineral  supplies  and  demands  on  a  continuing  basis. 

Environmental  costs  of  materials  supply,  already  severe, 
will  increase  still  further  in  the  absence  of  firm  and  contin- 
uing precautions,  and  perhaps  even  with  them.   To  produce,  fab- 
ricate, and  dispose  of  wastes  from  ever  larger  quantities  of 
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metals  obtained  from  ever  leaner  deposits  demands  ever 
larger  investments  of  energy  and  creates  growing  potential 
for  damage  to  all  aspects  of  our  environment  on,  above,  and 
below  the  land  surface,  including  living  organisms.   Con- 
servational  measures  are  needed,  not  only  to  stretch  our 
resources  but  to  restore,  protect,  and  perpetuate  a  livable 
human  habitat.   The  numbers  of  humans  occupying  that  habi- 
tat, moreover,  must  be  limited  to  numbers  it  can  comfortably 
sustain  and  their  individual  consumptions  of  materials  must 
be  kept  within  supportable  limits. 

Recycling,  substitution,  synthesis,  and  efficient  de- 
sign are  conserving  measures  that  also  can  contribute  to 
alleviation  of  environmental  problems.   But  much  research 
is  needed  in  these  fields,  and  no  panaceas  are  in  sight. 
Recycling  also  requires  substantial  use  of  energy.   And 
none  of  these  conserving  measures  can  be  sustained  indef- 
initely with  exponentially  growing  material  demands  -- 
especially  where  doubling  times  get  shorter  and  the  quan- 
tities doubled  grow  ever  larger.   Materials-  and  energy- 
consuming  per  capita  demands  of  the  already  affluent, 
therefore,  must  level  off  if  more  equitable  distribution 
of  material  wealth  is  to  be  achieved,  environment  protected, 
and  unavoidable  population  increases  sustained  --  even  at 
the  minimal  levels  programmed  by  bare  replacement  growth 
of  societies  with  existing  age  structures.   Creation  of 
new  composite  materials  or  synthesis  from  abundant  commod- 
ities that  can  substitute  for  those  in  short  supply  should 


816 


be  vigorously  encouraged,  as  should  more  efficient  design. 
But  synthesis  cuts  two  ways  --  conserving  some  things  at 
the  expense  of  others  --  and  synthetic  materials  are  sometimes 
more  difficult  to  recycle  or  dispose  of  than  natural  ones. 

Forest  products  are  not  discussed  here,  but,  under 
proper  management,  they  are  obvious  and  renewable  substi- 
tutes for  mineral  materials  in  various  applications  and 
must  not  be  omitted  from  any  comprehensive  materials  policy. 
Water  (like  air)  is  also  an  essential  critical  material 
that  this  Committee  did  not  consider  --  not  because  the  prob- 
lems are  not  vast,  but  because,  on  the  whole,  they  are  better 
understood  than  those  of  mineral  resources,  and  they  lie  be- 
yond the  charges  to  and  expertise  of  our  members. 

Extractive  metallurgy  and  mineral  processing  are,  in 
general,  static  arts-  that  must  be  rejuvenated  and  expanded 
if  the  challenge  of  increased  production  from  lower-grade 
materials,  reduction  of  waste  and  pollution,  and  the  fab- 
rication of  better  jDroducts  are  to  be  accomplished.   Educa- 
tional support  in  these  areas  and  in  advanced  and  novel 
underground  mining  methods  are  major  identifiable  needs. 
Appropriate  governmental  incentives  and  controls  in 
many  areas  could  promote  the  general  goal  of  assuring  a  con- 
tinuing flow  of  essential  mineral  raw  materials.   Such  in- 
centives and  controls  should  be  so  designed  and  applied  that, 
while  they  increase  the  general  output,  they  also  decrease 
waste  and  reduce  the  rate  of  increase  in  consumption  toward 
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demand  levels  that  can  be  met  over  the  long  term  without 
hazard  to  the  environment  and  without  prejudicing  greater 
material  equity  throughout  the  world.   A  variety  of  pos- 
sible incentives  and  controls  should  be  evaluated  and 
analyzed  as  to  goals  and  tradeoffs  before  choosing  the  pre- 
ferred ones  for  the  desired  ends. 

The  international  implications  of  materials  policy  is- 
sues are  extensive,  and  interdependence  is  increasing.   This 
nation  must  proceed  with  great  care  in  order  simultaneously 
to  assure  its  own  material  necessities,  encourage  harmoni- 
ous and  more  equitable  distribution  of  Earth's  raw  and  fin- 
ished materials,  and  avoid  or  minimize  env i rommental  prob- 
lems on  a  global  scale.   A  permanent,  representative  Min- 
erals Advisory  Council,  responsive  to  public,  executive, 
and  legislative  needs,  should  be  organized  to  evaluate, 
monitor,  and  keep  under  review  not  only  national  but  also 
international  reserves,  demands,  agreements,  and  policies 
relating  to  such  matters. 

Manpower  and  facilities  are  central  to  all  other  as- 
pects of  materials  policy.   However,  we  know  little  about 
them  other  than  that  the  needs  are  great  and  many  of  the 
data  unreliable  or  in  dispute.   Special  continuing  stud- 
ies should  be  made  of  these  matters.   All  we  can  say  with 
confidence  is  that  available  manpower  is  inadequate  to  the 
task  and  that  domestic  facilities  in  some  important  fields 
are  outmoded  as  compared  with  those  in  other  advanced  coun- 
tries.  Industry  and  government  should  cooperate  in  over- 
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coming  these  deficiencies. 

Finally,  it  is  clear  that  the  difficulties  imposed  by 
growing  U .  S.  and  world  populations  pervade  all  other 
issues,  and  that  there  can  be  no  effective  national  or 
international  materials  policy  that  evades  this  crucial 
variable  or  fails  to  couple  it  with  the  equally  pressing 
and  related  problems  of  increasing  per  capita  demand  and 
environmental  impact. 


I 
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Chapter  I 

ABUNDANCES  OF  MINERAL  COMMODITIES  AND  PROBLEMS 
AFFECTING  FUTURE  PRIMARY  SUPPLIES 


Here  we  consider  the  abundances  of  groups  of  commodi 
ties  essential  to  the  industrial  economies  of  the  United 
States  and  the  world,  and  develop  issues  involved  in  en- 
suring adequate  supplies  of  these  minerals  to  the  United 
States.   Certain  premises  underlie  the  discussion  that 
follows,  which  we  hold  to  be  either  the  inevitable  conse- 
quences of  available  data,  or  to  be  self-evident. 

1.  The  United  States  cannot  maintain  its  present  stand- 
ard of  living  without  large-scale  use  of  mineral  com- 
modities. 

2.  Domestic  supplies  of  mineral  commodities,  actual  and 
potential,  are  not  adequate  to  support  unlimited  in- 
crease in  scale  of  use  --  a  much  ignored  truism. 

3.  Given  the  prospect  of  increasing  competition  for  the 
world's  raw  materials,  the  United  States  should  at- 
tempt to  slow  its  trend  toward  increasing  depen- 
dence on  foreign  sources.   We  agree  unanimously, 
however,  that  even  if  complete  self-sufficiency 
were  selected  as  a  desirable  goal,  it  is  unattain- 
able in  terms  of  (a)  actual  or  potential  supplies 

of  minerals  from  domestic  sources  and  (b)  present 
U.  S.  industrial  technology. 
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The  problem  of  United  States  mineral  supply  is  a  three- 
fold one  of 

a)  maximizing  discovery  and  environmentally  and  so- 
cially responsible  development  of  long-term  compe- 
titive domestic  sources  of  minerals; 

b)  adjustment  of  technology  over  a  period  of  time  to 
available  primary  and  secondary  resources,  so  far 
as  is  technically  and  economically  feasible;  and 

c)  assurance  of  supplies  of  other  essential  minerals 
from  foreign  sources. 

Environmental,  social,  and  political  consequences  of  ef- 
forts aimed  at  improving  U .  S.  mineral  supply  must  be 
acceptable  in  this  country  and  in  the  broader  community 
of  nations. 

AVAILABILITY  OF  MINERAL  COMMODITIES 


Mineral  commodities  vary  so  widely  in  their  crustal 
abundances,  types  of  deposits,  and  geographic  distribution 
that  no  general  statement  regarding  their  production  and 
availability  can  be  made.   We  have,  therefore,  grouped  them 
into  three  general  categories  and  subdivided  the  three  cate- 
gories on  the  basis  of  present  or  readily  attainable  self- 
sufficiency  for  the  United  States. 

A.    Commodities  that  are  abundant  and  widely  available  glo- 
bally i 
One  important  group  of  commodities  is  widespread  and 
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abundant  on  a  global  scale.   We  believe  that  critical  short- 
ages of  such  commodities  are  not  likely  now  or  ever  in  a 
rational  world.   For  a  number  of  these  commodities,  the 
United  States  is  already  self-sufficient,  and  production 
could  proceed  for  many  generations  without  technological 
changes.   Typical  examples  are  salt,  cement,  crushed  stone, 
and  building  stone. 

Certain  commodities  already  imported  by  the  United 
States  to  a  greater  or  less  degree  also  belong  in  this  cat- 
egory because  domestic  resources  available  could  be  success- 
fully worked  at  somewhat  higher  costs.   Typical  examples  are 
production  of  iron  from  low-grade  ores,  aluminum  from  clays 
and  other  non-bauxite  sources,  and  titanium  compounds  from 
low-grade  ilmenite  deposits.   Energy  requirements  and  en- 
vironmental considerations  in  certain  instances,  however, 
may  set  serious  limitations  on  use  of  such  resources. 

For  each  of  these  commodities  the  United  States  could 
be  self-sufficient.   The  decision  for  or  against  such  a  po- 
sition with  respect  to  any  commodity  is  largely  a  tactical- 
economic  one.   Alternate  foreign  sources  of  some  are  expen- 
sive.  The  capability  of  internal  production,  however,  serves 
to  set  a  price  ceiling  and  hence  to  restrain  price  control 
by  foreign  suppliers. 

B .    Commodities  that  are  relatively  abundant  but  unevenly 
distributed  on  a  geographic  basis: 

For  a  second  group  of  mineral  commodities,  identified 
reserves,  reasonably  expectable  discoveries  using  existing 
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technol ogy, and ,  to  some  extent,  small  price  rises  can  guar- 
antee a  stable  global  production  at  least  for  several  gen- 
erations, and  probably  longer.   These  commodities,  however, 
are  not  distributed  evenly  across  the  earth.   We  therefore 
divide  them  into  two  subcategories: 

1)  Commodities  that  are  abundant  in  the  United  States 
and  for  which  present  or  future  self-sufficiency 
has  already  been  achieved  or  would  probably  be  pos- 
sible in  the  future.  Examples  are  molybdenum,  pot- 
ash, phosphate,  coal,  and  possibly  copper  and  lead. 
Should  breeder  technology  be  developed,  uranium  and 
thorium  could  be  added  to  the  list. 

2)  Commodities  in  which  the  United  States  is  deficient 
compared  with  demand,  and  for  which  we  believe  only 
a  small  probability  exists  that  exploration,  price 
changes,  and  technological  advances  will  allow  self- 
sufficiency  to  develop.   Examples  are  manganese, 
chromium,  nickel,  fluorspar,  niobium,  and  hydro- 
carbons other  than  coal  . 

C.    Commodities  that  are  intrinsically  rare  and  also  geo- 
graphically restricted; 

Crustal  abundances  set  ultimate  limits  on  availability 
of  certain  commodities  in  terms  of  foreseeable  technology. 
Excluding  such  changes  as  reduction  in  energy  costs  by  one 
or  two  orders  of  magnitude,  it  seems  unlikely  that  geochem- 
ically  scarce  elements  or  compounds  will  be  recovered  from 
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average  rocks  and  minerals.   Even  with  a  reduction  in  energy 
costs,  and  even  if  unlimited  energy  becomes  available,  it  is 
unlikely  that  average  rocks  could  be  processed  without  dis- 
astrous environmental  consequences.   We  subdivide  this  cate- 
gory into  two  subcategories: 

1)  Commodities  in  which  the  United  States  is  self- 
sufficient  on  a  continuing  basis.   Cerium  metals 
and  boron  fall  in  this  group,  but  examples  are  dis- 
tressingly rare. 

2)  Commodities  in  which  the  United  States  is  defici- 
ent.  Examples  are  platinum,  gold,  mercury,  tin, 
and  tantalum. 

We  recognize  that  for  many  of  the  intrinsically  rare 
commodities,  present  knowledge  of  processes  controlling 
the  formation  and  distribution  of  deposits  is  inadequate. 
Although  research  and  exploration  may  change  the  situation 
with  respect  to  some  of  these  commodities,  we  do  not  be- 
lieve it  likely  that  discoveries  will  move  a  commodity  from 
Group  C  (intrinsically  rare  and  geographically  restricted) 
into  Group  B.   And  it  is  virtually  certain  that  no  commodi- 
ties will  move  from  Group  C  or  Group  B  to  Group  A  (abundant 
and  widely  available). 

CENTRAL  ISSUES  AND  THEIR  RESOLUTION 


The  future  availability  of  essential  mineral  commodi- 
ties to  the  United  States  will  depend  on  the  resolution  of 
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four  basic  issues.   These  are  stated  as  questions  below, 
followed  by  the  panel's  responses. 

Question  I:   What  steps  must  be  taken  to  ensure  maximum 
utilization  of  domestic  mineral  resources  without  unaccept- 
able damage  to  the  environment? 
Response : 

1.    An  adequate  information  base  must  be  provided  by  means 
of 

a.  Completing  the  geological,  geophysical,  and  metal- 
logenic  mapping  of  the  United  States  in  order  to 
provide  the  essential  foundation  for  effective  ex- 
ploration and  discovery  of  domestic  mineral  re- 
sources . 

b.  Definitive  studies  of  the  origins,  habits,  and  dis- 
tribution of  mineral  deposits. 

c.  Definition  of  geological  environments  in  which 
mineral  deposits  have  preferentially  formed  in  the 
earth ' s  crust . 

d.  Identification  on  the  basis  of  a,  b,  and  c  of  min- 
eral provinces  in  which  yet  undiscovered  mineral  de- 
posits may  be  found,  including  deeply  buried  or 
otherwise  concealed  ore  bodies. 

e.  Geophysical  and  geochemical  studies  of  mineral  pro- 
vinces and  districts  to  facilitate  exploration  and 
di  SCO very . 

f.  Establishment  of  a  central  information  bank  on  the 
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above.   Statistical  data  should  likewise  be  avail- 

abl e  from  this  bank  . 
Land  available  and  desirable  for  mineral  exploration 
must  be  delimited.   The  amount  of  land  open  to  mineral 
exploration  in  the  United  States  has  decreased  drasti- 
cally.  The  lands  on  which  exploration  activities  are 
limited  or  prohibited  can  be  characterized  as  follows: 

a.  Areas  precluding  any  multiple  land  use,  such  as 
military  reservations  and  testing  grounds,  parks, 
and  wilderness  areas; 

b.  Areas  permitting  some  multiple  use,  such  as  towns, 
cities,  and  highway  rights  of  way;  and 

c.  Areas  for  which  there  exist  conflicts  in  popular 
attitude  toward  their  use,  such  as  some  federal, 
state,  or  county  lands  not  made  available  for  ex- 
ploration out  of  concern  for  environmental  impact. 

Classification  of  lands  with  respect  to  mineral  poten- 
tial is  essential  as  a  basis  for  determining  what  land 
areas  should  be  held  open  for  mineral  exploration  and 
mining  and  which  should  be  reserved  for  other  purposes. 
Potential  environmental  damage  and  means  of  controlling 
and  minimizing  it,  as  well  as  of  restoring  quality 
where  inadvertent  damage  occurs,  must  be  given  top  pri- 
ority at  all  levels  of  land  classification,  mineral  ex- 
ploration, mining,  and  other  phases  of  materials  exploi- 
tation and  development. 
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There  are,  in  addition,  large  areas  with  mineral 
producing  potential  that  could  be  made  available  for 
exploration  if  questions  of  legal  tenure  could  be 
clarified.   Examples  are  the  continental  shelves  (es- 
pecially for  petroleum  and  natural  gas)  and  the  deeper 
sea  floors  (for  phosphate  and  for  Ni ,  Cu,  and  Co  in 
"manganese"  nodules).   Jurisdiction  within  such  areas 
must  be  clarified  as  to  appropriate  state,  national, 
or  international  agencies,  and  appropriate  environ- 
mental guidelines  must  be  developed  before  explora- 
tion and  development  can  proceed  without  undue  legal 
and  environmental  hazards. 

Improved  and  new  cost-efficient  techniques  for  detect- 
ing and  sampling  mineral  deposits  must  be  developed. 
New  domestic  deposits  will  be  found  in  increasing  pro- 
portion at  depth  under  barren  rock.   Research  on  and 
development  of  exploration  techniques  are  essential. 
Current  mining  techniques  must  be  improved  and  new 
mining  techniques  must  be  developed.   Research  and  de- 
velopment toward  these  ends  is  needed  in  order  to  de- 
velop low-grade  materials  and  deep  deposits  efficient- 
ly and  with  due  regard  to  environmental  quality.   Re- 
search and  development  are  especially  needed  for  new 
and  better  methods  of  underground  mining,  taking  ad- 
vantage of  opportunities  for  communication  with  those 
concerned  with  rock  mechanics  and  with  development  of 
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more  efficient  and  more  rapid  means  of  surface  and 
subsurface  excavation.   Underground  mining  is  poten- 
tially much  less  damaging  to  the  environment  than 
surface  mining,  although  it  poses  greater  safety  haz- 
ards and  entails  greater  monetary  costs. 
Question  1 1 :   To  what  extent  can  domestic  mineral  deficien- 
cies be  alleviated  by  eliminating  non-essential  uses  of  min- 
erals and  building  more  durable  machines,  structures,  and 
components? 
Response: 

We  believe  that  more  conserving  practices  are 
now  strongly  advisable  and  will  become  essential.   At 
the  same  time  we  r-ecognize  that  many  little-understood 
interactions  are  involved  and  that  pressures  are  greater 
on  some  commodities  than  on  others.   Time,  a  better  under- 
standing of  the  interactions,  and  economic  adjustments 
will  all  be  needed  to  achieve  the  necessary  conversions 
smoothly.   We  recognize  that  the  implementation  of  such 
imeasures  as  are  now  clearly  practicable  should  be  supple- 
mented by  a  careful  study  of  the  complexities  and  trade^ 
offs,  with  a  view  to  arriving  at  more  explicit  and  more 
orderly  recommendations  for  further  actions. 
Question  III:   To  what  extent  can  domestic  mineral  deficien- 
cies bg  made  less  critical  by  adjusting  industrial  technology 
to  resources  available  within  the  United  States  or,  alternatively. 
North  America? 
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Response: 

The  seriousness  of  domestic  mineral  deficiences  can 
be  substantially  reduced  by  efforts  directed  toward  the 
fol lowi  ng : 

1.  Shifting  technology,  over  a  period  of  years,  toward 
the  use  of  more  abundant  mineral  commodities,  shifts 
being  geared  to  obsolescence  of  exising  mining,  bene- 
ficiation,  metallurgical,  and  manufacturing  facilities. 

2.  Eliminating  non-essential  uses  and  planned  obsolescence. 

3.  Research  on  extraction  from  low-grade  materials. 

4.  Research  on  extraction  of  useful  materials  from  wastes 
of  present  mining  operations. 

5.  Standardizing  products  as  an  aid  to  design  and  reclam- 
ation. 

6.  Using  abundant  materials  that  are  not  yet  as  widely 
used  as  they  could  be  (e.g.,  silicates). 

Two  phases  of  activity  are  required:  (1)  study  of 
industrial  technology  to  identify  sectors  of  industry 
in  which  use  of  one  or  more  of  the  above  might  help 
to  offset  mineral  deficiencies,  and  (2)  research  and 
development  in  alternative  technology. 

We  stress  also  the  great  importance  of  any  steps 
that  may  be  taken  to  improve  efficiency  of  recycling 
mineral  materials  --  a  subject  discussed  separately  in 
Chapter  III. 

We  believe  that  planned  adjustment  of  technology  to 
available  domestic  resources  is  essential.   The  alter- 


829 


-18- 


native  is  progressive  deterioration  in  the  mineral  po- 
sition of  the  United  States,  with  all  that  that  implies. 
One  can  foresee,  within  decades,  failing  such  an  adjust- 
ment, the  erosion  of  United  States  mining,  smelting, 
refining,  and  mi neral -based  manufacturing  industries, 
growing  economic  colonialism,  international  frictions, 
a  steadily  deteriorating  b&lance  of  trade,  and  a  tar- 
nished global  image  of  the  nation.   Government  encourage- 
ment of  needed  transitions  through  sponsorship  of  research 
in  materials  design  and  use,  as  well  as  through  tax  and 
other  incentives,  will  probably  be  essential. 
Question  IV:    How  can  the  United  States  be  assured  of  sup- 
plies of  minerals  in  which  it  is  deficient  from  foreign 
sources? 
Response : 

There  can  be  no  firm  long-term  assurance.   Never- 
theless, every  effort  should  be  made  to  develop  equi- 
table long-term  agreements  or  mechanisms  for  exchange 
of  commodities,  mineral  or  otherwise,  in  which  the 
United  States  is  deficient. 

Resources  in  categories  A,  B(l),  and  C(l)  are  or 
could  be  sources  of  exportable  surpluses  that  could 
be  exchanged  for  minerals  in  categories  B(2)  and  C(2), 
either  through  arrangements  by  private  industry,  by 
agreements  between  the  United  States  and  other  nations, 
or  by  combinations  of  both.   In  view  of  the  increasing 
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international  competition  for  mineral  raw  products, 
specific  formal  arrangements  may  be  essential  to 
assure  adequate  supplies.   Such  arrangements  seem 
particularly  necessary  to  assure  supplies  of  minerals 
in  category  C(2),  for  which  neither  domestic  produc- 
tion nor  relief  through  substitution  or  technological 
adjustments  seems  likely. 

It  should  be  noted  that  for  intrinsically  rare  and 
geographically  restricted  mineral  commodities  (Group  C) 
there  is  the  possibility  of  global  exhaustion  of  re- 
sources, in  some  cases  within  a  century  or  less.   He- 
lium, natural  gas,  mercury,  and  gold  are  in  this  cate- 
gory.  Conservation  on  an  international  scale  will  be 
needed,  and  it  is  not  too  soon  to  begin  thinking 
about  an  international  body  that  might  be  created 
for  this  purpose.   In  this  connection  it  is  well  to 
bear  in  mind  that  stockpiling  is  not  a  conservation 
measure  but  an  emergency  palliative  and  an  implement 
of  price  control.   To  the  extent  that  it  is  undertaken 
it  should  be  done  with  those  goals  and  limitations  in 
mi  nd . 
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Chapter  II 

IMPLICATIONS  OF  ENVIRONMENTAL  PROTECTION  POLICY 
FOR  NATIONAL  MATERIALS  POLICY 


The  National  Environmental  Policy  Act  (NEPA)  of  1970 
was  enacted  because  "The  Congress,  recognizing  the  pro- 
found impact  of  man's  activities  on  the  interrelations  of 
all  components  of  the  natural  environment,  particularly  the 
profound  influences  of  population  growth,  high  density  ur- 
banization, industrial  expansion,  resource  exploitation, 
and  new  and  expanding  technological  advances  and  recog- 
nizing further  the  critical  importance  of  restoring  and 
maintaining  environmental  quality  --  (wished)  to  create 
conditions  under  which  man  and  nature  can  exist  in  produc- 
tive harmony,  and  fulfill  the  social,  economic,  and  other 
requirements  of  present  and  future  generations  of  Ameri- 
cans" (emphasis  ours). 

In  this  Chapter  we  consider  the  implications  of  the 
MEPA  for  the  formulation  of  a  national  materials  policy  that 
seeks  to  respond  constructively  to  the  charge  that  it  "en- 
hance environmental  quality."   Can  a  realistic  and  accep- 
table national  materials  policy  be  formulated  given  the  con- 
straints of  the  NEPA?   Is  the  NEPA  realistic,  given  the  as- 
sumption that  the  free  enterprise  system  and  an  equal  or  in- 
creasing per  capita  use  of  resources  will  continue  to  be 
desired  by  the  majority  of  Americans?   If  the  existing  NEPA 
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and  currently  accepted  materials  development  procedures  are 
found  to  be  incompatible,  can  we  recommend  environmentally 
acceptable  changes  in  the  NEPA? 

Projections  of  U.  S.  mine  production,  imports,  and 
indigenous  demands  are  shown  graphically  for  several 
minerals  in  "An  Interim  Report"  by  the  National  Commission 
on  Materials  Policy  (April  1972).   The  relationships  por- 
trayed in  many  of  these  curves  reflect  and  underscore  the 
issues.   That  is,  the  national  demand  for  many  critical 
minerals  will  increase  during  the  next  three  decades  while 
domestic  production,  even  assuming  new  discoveries  and  more 
efficient  recovery  procedures  and  reuse,  will  supply  ever 
smaller  fractions  of  the  total  demand.   It  further  seems 
clear  that  the  projected  increases  in  demand  will  be  caused 
both  by  continuing  population  growth  and  increasing  per 
capita  consumption.   The  predicted  divergence  between  domes- 
tic supply  and  total  demand  will  be  partially  reduced  by 
increasing  imports  as  well  as  by  the  development  of  more  ef- 
ficient technological  procedures. 

If  the  trends  portrayed  are  realistic,  and  are  not  im- 
proved by  corrective  action,  the  nation  will,  over  the  next 
decades,  become  increasingly  dependent  on  foreign  mineral 
resources,  while,  at  the  same  time,  it  will  have  to  strive 
harder  to  produce  more  of  its  domestic  needs  from  ever 
leaner  ores.   Thus,  there  will  be  both  increasing  opportun- 
ity for  international  conflict  and  likelihood  of  increasing 
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destructive  environmental  consequences.   In  a  broad  view 
of  environmental  consequences,  if  it  does  become  obvious 
that  there  are  inadequate  mineral  resources  to  support 
the  growing  populations  of  the  world  at  the  des  i  red  stand- 
ard of  living,  what  measures  will  or  should  the  United 
States  adopt  to  limit  its  consumption  or  to  assure  the  de- 
sired materials  supply  to  our  country? 

Below  we  list  selected  critical  issues,  selected  im- 
portant research  needs,  and  recommendations  for  research 
and  education  in  resource  use.   Unfortunately,  time  did  not 
suffice  for  the  preparation  of  thoughtful  written  responses 
to  all  the  questions  we  consider  to  be  germane. 

1 .  Environmental  cost  accounting: 

The  cost  of  materials  extraction  must  be  made  to 
include  the  cost  of  preventing  or  repairing  environ- 
mental damage  to  living  systems.   The  price  of  raw 
metals  and  other  minerals  under  present  methods  and 
controls  is  a  very  small  percentage  of  the  6NP  and 
could  be  doubled  or  tripled  without  major  influence 
on  the  cost  of  manufactured  articles.  A  problem  to 
be  worked  out  is  how  best  to  cope  with  non-domestic 
suppliers  not  operating  under  similar  controls. 

2.  Damage  from  wastes : 

Damage  to  physical  and  biological  systems  from 
wastes  must  be  recognized  and  minimized  at  ewery    step 
from  mine  to  ultimate  user. 
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Mom'torinq  contaminants: 

Analytical  capabilities  need  to  be  established  and 
maintained  at  appropriate  stations  to  monitor  the  lev- 
els of  contaminants  (e.g.,  Hg,  As,  Pb,  Cd,  Ni,  Be,  SO^, 
asbestos)  from  materials-processing  and  from  nature  and 
to  identify  major  sinks,  sources,  and  flows  in  natural 
systems.   An  agency  other  than  those  responsible  for 
developing  resources  and  thus  generating  contaminants 
should  be  charged  with  this  task.   Thus,  at  present 
levels  of  development,  AEC  should  not  be  responsible 
both  for  atomic  energy  sources  and  generation  and  for 
setting  emission  standards  and  controls,  although  that 
may  have  been  an  appropriate  dual  function  when  the 
only  real  technical  expertise  lay  within  AEC  as  a  pro- 
motional agency.   In  such  instances  of  embryonic  tech- 
nology, there  should  always  be  a  planned  and  phased 
transition  of  regulatory  responsibility  from  the  promo- 
tional agency  to  an  independent  agency  as  the  total 
body  of  available  expertise  allows. 

Finiteness  of  critical  components  of  biologic  systems: 

Among  other  depletable  material  resources,  phos- 
phorus is  emphasized  at  this  point  because  it  is  an 
essential  resource  for  agriculture  (as  well  as  a  pollut- 
ant of  lakes)  but  is  not  cyclic  within  times  of  interest 
to  man.   Phosphorus  is  essential  to  all  life,  including 
the  food  we  grow.   As  phosphates  are  both  nonsubsti tutabl e 
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and  nonrenewable,  it  is  essential  to  re-evaluate  global 
resources  and  recycling  of  phosphates  in  an  ecologi- 
cal context  and  to  improve  on  the  present  highly  ineffi- 
cient use  of  phosphorus. 

Environmental  consequences  of  development  of  energy  re- 
sources : 

Although  energy  resources  may  be  very  large,  un- 
limited development  of  energy  resources  would  unaccep- 
tably  increase  existing  problems  of  heat  disposal,  not 
to  mention  other  environmental  consequences  such  as 
noxious  pollutants  and  solid-waste  disposal  problems. 
The  safe  and  environmentally  acceptable  management  and 
control  of  these  consequences  must  be  an  integral  part 
of  future  production. 
Legal  incentives  for  environmental  management: 

Legal  responsibility  must  be  established  on  a  re- 
gional basis  to  assure  continued  biological  and  mater- 
ial productivity  at  sustainable  levels,  not  growth  of 
one  at  the  expense  of  the  other. 
Environmental  reclamation: 

Biological  productivity  must  be  restored  in  areas 
that  have  in  the  past  been  degraded  by  materials  ex- 
traction.  Future  disposal  of  mine  and  smelter  wastes 
must  be  planned  in  advance  to  be  consistent  with  eco- 
logical goals.   Surface  mining  is  a  major  source  of 
land  disturbance  and  potential  contamination,  especially 
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in  large-volume  operations  such  as  strip-mining  for 
coal  and  the  open-pit  mining  of  porphyry  copper  and 
low-grade  iron  ores.   Particular  attention  should  be 
paid  to  such  operations. 

Compensation  for  environmental  degradation  or  loss  of 
employment  due  to  materials  production  or  non-produc- 
tion deemed  essential  to  the  general  welfare: 

In  order  to  reduce  or  prevent  economic  and  other 
inequities  as  a  consequence  of  national  zoning  poli- 
cies, we  should  consider  the  evolution  of  plans  where- 
by affected  regions  may  be  compensated  for  degrada- 
tion of  their  environment  because  of  exploitation  con- 
sidered necessary  for  the  national  welfare,  or  non- 
development  for  similar  reasons.   For  example,  coal 
mining  in  the  Four  Corners  area  benefits  a  large  re- 
gion as  a  power  source  to  the  detriment  of  local  popu- 
lations.  In  other  areas  local  unemployment  may  result 
either  from  impairment  of  traditional  enterprises  or 
from  deliberate  failure  to  develop  obvious  new  oppor- 
tunities because  of  environmental  or  social  tradeoffs 
seen  as  unacceptable. 
Global  probl ems  : 

In  the  long  run  means  must  be  found  to  extend  es- 
sential environmental  restraints  to  the  entire  world. 
This  vastly  complex  and  increasingly  urgent  problem 
should  be  the  subject  of  special  study  by  a  suitable 
mixofpeople. 
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1 0.   Wilderness  preservation: 

It  is  essential  to  recognize  the  value  of  and  to 
establish  a  global  system  of  wilderness  areas  for  base- 
line ecological  studies,  preservation  of  species  and 
genotypes  that  may  have  future  value,  and  for  recrea- 
tional and  esthetic  values.   Such  a  system,  however, 
should  be  established  with  due  recognition  of  the  po- 
tentialities of  all  candidate  areas  for  future  mineral 
production  and  the  kinds  of  pressures  and  conflicts 
that  may  emerge  as  other  sources  are  depleted. 


2. 


RESEARCH  NEEDS 

Increased  research  is  needed  in  ecosystem  dynamics: 

In  particular  a  more  detailed  understanding  is  re- 
quired of  the  physical,  chemical,  and  biological  pro- 
cesses that  regulate  the  structure  and  function  of 
ecosystems.   Better  unde  standing  of  function  will  im- 
prove the  sensitivity  of  predictive  ecosystem  models, 
which,  in  turn,  will  provide  better  evaluation  of  en- 
vironmental implications  of  proposed  materials  pol- 
icies and  suggest  needed  modifications. 
Mul  ti -di sci pi i nary  research  in  ecosystem  dynamics  must 
be  encouraged: 

This  will  often  require  modification  of  existing  in- 
stitutional organization. 
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3.    Studies  looking  toward  the  recovery  of  ecosystems 
from  past  environmental  mismanagement  need  support: 

Significant  portions  of  the  earth's  surface  show 
the  effects  of  past  exploitation.   With  projected  in- 
crease in  per  capita  consumption  of  materials  and  hu- 
man population  growth,  we  can  expect  that  the  number 
of  such  areas  will  increase.   This  is  particularly 
true  as  we  develop  lower-grade  ores.   Examples  of 
areas  affected  in  the  past  include  parts  of  Scotland 
deforested  for  fuel  for  iron  smelting,  and  similar 
use  of  forests  for  smelting  of  copper  in  Cyprus  and 
silver-gold  ores  in  Nevada.   Past  and  current  ground 
disturbance  and  other  environmental  impact  from  sur- 
face mining  for  coal,  copper,  and  iron  provide  more 
immediate  illustrations  of  the  problems. 

ACTION  RECOMMENDED 


Deeper  and  broader  understanding  should  be  sought  and 
communicated  to  the  general  public  about  alternatives  in 
materials  and  environmental  management,  and  their  inter- 
actions, especially  as  concerns  inherent  and  planned  ob- 
solescence of  manufactured  products  and  high  rates  of  per 
capita  consumption  of  raw  materials.   Major  hazards  con- 
front us,  not  only  in  the  depletion  of  specific  key  indus- 
trial materials,  especially  where  not  recycled,  but  also  in 
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increased  energy  demands  and  thermal  pollution  even  where 
recycling  is  practiced. 

While  we  ourselves  do  not  yet  fully  understand  the  is- 
sues and  hence  are  unable  to  articulate  them  in  specific 
quantitative  and  comprehensive  terms,  we  are  uneasily  and 
acutely  aware  that  current  or  increased  doubling  times  of 
population  growth  and  material  consumption  cannot  be  sus- 
tained and  allow  little  reaction  time  after  perception  of 
impending  crises. 

The  information  now  available  to  the  public  comes  from 
a  wide  variety  of  differing  or  conflicting  views,  each  of 
which  tends  to  exhort  rather  than  inform.   Research  and  pub- 
lic information  forums  are  needed  to  resolve  or  narrow  the 
differences  of  view  and  inform  the  public  about  questions 
such  as  the  materials  and  environmental  costs  of  model  ob- 
solescence, product  differentiation,  and  luxury  products; 
and  the  affect  of  advertising  on  factors  such  as  material 
consumption,  product  choice,  conservation,  and  environmental 
protection.   Better  understanding  and  better  communication 
is  needed  about  the  relative  effects  of  population  growth 
and  per  capita  rates  of  consumption  both  in  the  United 
States  and  globally. 
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Chapter  III 
RECYCLING,  SUBSTITUTION,  SYNTHESIS,  AND  DESIGN 


Recycling,  substitution,  synthesis,  and  appropriate 
design  conserve  raw  materials  and  thus  supplement  primary 
resources.   These  practices  may  also  result  in  other  bene- 
fits, such  as  a  reduction  of  pollution  and  of  energy  re- 
quirements relative  to  primary  production.   Such  side  ef- 
fects, however,  do  not  accrue  automatically  but  require 
suitable  planning.   It  is  desirable  in  all  cases  that  re- 
cycling, substitution,  synthesis,  and  materials-oriented 
design  should  impose  the  fewest  possible  constraints  on 
processing  and  service  performance. 

Recycling,  substitution,  synthesis,  and  materials- 
oriented  design,  in  the  absence  of  appropriate  market 
forces,  can  be  promoted  by  appropriate  measures  of  public 
policy,  such  as  subsidies  or  favorable  taxation.   Construc- 
tive public  attitudes  can  contribute  to  the  acceptance  of 
recycled,  substituted,  or  synthetic  materials  even  if  they 
involve  some  changes  from  the  traditional  expectations  of 
consumers.   In  this  way  the  general  public  can  play  a  posi- 
tive role, and  the  same  holds  for  government  agencies  on  all 
levels  through  their  procurement  policies. 

It  will  be  particularly  important  to  induce  business 
organizations  to  adopt  practices  designed  to  conserve  mater- 
ials.  Incentives  must  be  devised  to  turn  decision-makers 
and  designers  in  the  direction  of  substitution,  synthesis, 
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and  materials-oriented  design.   Personnel  in  industry,  as 
well  as  in  government,  will  have  to  be  made  accountable  for 
acting  on  such  policies  by  more  effective  mechanisms  than 
are  now  at  hand.   Attention  to  the  requirements  specified 
should  become  one  of  the  criteria  of  performance  in  the 
same  way  that  profitability,  safety  of  operation,  and 
others  are  now  accepted  as  a  basis  for  evaluating  engineer- 
ing design  and  performance.   We  recognize,  of  course,  that 
the  designer,  engineer,  and  operator  work  within  a  frame- 
work of  regulations,  specifications,  and  conventions  set 
by  others,  and  that  these  often  depend  on  such  constraining 
factors  as  competitive  pressures,  tradeoffs,  and  consumer 
attitudes.   Changes,  therefore,  need  to  be  made  in  the  pol- 
icy-generating institutional  and  external  spheres  as  well 
as  at  the  operating  level  if  operational  decision-makers 
and  designers  are  effectively  to  contribute  to  the  activa- 
tion of  better  practices  in  materials  utilization  and  con- 
servation. 

Our  more  specific  conclusions  and  recommendations  are 
embodied  in  the  following  tabulation  of  issues,  problems, 
needs,  and  opportunities. 

GENERAL  CONSIDERATIONS 


The  following  general  steps  are  held  to  be  essential 
parts  of  the  analysis  of  potentialities  and  problems  in 
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recycling,  substitution,  synthesis,  and  design. 

1 •   Materials-management  problems  should  be  critically 
evaluated  on  a  continuing  basis  and  priorities 

assigned  with  resoect  to 

(a)  alleviation  of  projected  shortages; 

(b)  alleviation  of  environmental  damage; 

(c)  international  considerations  and  national 
securi  ty . 

2.  Incentives  should  be  designed  and  accountability  estab- 
lished such  that  decision-makers  and  designers  will  be 
encouraged  to  pay  more  attention  to  recycling,  substi- 
tution, synthesis,  and  design  for  materials  conserva- 
tion. 

3.  Policy  alternatives  that  might  achieve  the  same  ends 
should  be  identified,  compared,  and  evaluated:  natural 
market  forces,  taxes,  rationing,  subsidies,  and  R&D 

i  ncenti  ves . 

4.  Existing  governmental  institutional  arrangements  for 
implementing  conserving  policies  should  be  evaluated 
and  appropriate  changes  made. 

5.  Before  initiating  research  on  any  of  the  above,  a  sep- 
arate, thorough  assessment  of  the  objectives  of  the 
research  should  be  made  in  terms  of  hoped-for  contri- 
butions to  resource  and  environmental  management,  so- 
cial goals,  and  conservation. 
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RECYCLING 


Secondary  materials  recovery  should  be  on  at  least  as 
favorable  a  footing  as  primary  materials  production 
with  regard  to  subsidies,  taxation,  and  freight  regu- 
lation. 

Incentives  for  and  constraints  on  the  exploitation  of 
economy-of -seal e  factors  in  recycling  need  examination, 
especially  in  fragmented  industries  and  with  regard  to 
municipal  waste  disposal,  where  combined  or  pooled 
waste-management  facilities  might  be  made  substantially 
more  effective  than  individual  treatment  plants. 
The  relative  costs  in  energy  and  pollution  damage  of  sec- 
ondary as  compared  with  primary  production  should  be 
evaluated  in  general  and  in  particular,  and  instances 
should  be  identified  in  which  more  efficient  recycling 
would  reduce  these  costs. 

Markets  should  be  developed  for  materials  derived  from 
municipal  waste. 

Technology  is  required  for  recycling  of  high-priority 
materials  in  short  supply  and  where  normal  market  forces 
are  not  likely  to  respond  in  time. 

Positive  public  attitudes  toward  recycled  materials  should 
be  encouraged. 

Government  procurement  policies  favorable  to  the  ap- 
propriate use  of  recycled  materials  would  promote  the 
establishment  of  volume  markets. 
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8.    The  advisability  of  storing  wastes  (perhaps  partly 

separated)  for  possible  later  recovery  needs  critical 
assessment. 

SUBSTITUTION 


Evaluation  is  needed  of  the  conditions  under  which  nor- 
mal market  forces  will  encourage  substitution  for  spec- 
ific critical  materials  and  of  the  role  of  government 
regulation  where  market  failure  is  probable. 
Where  available  substitution  for  critical  materials 
may  degrade  product  performance,  the  development  of 
new  technology  should  be  actively  encouraged  and  the 
exchange  of  pertinent  information  promoted. 
Search  for  substitutes  should  be  encouraged  wherever 
positive  economic  or  environmental  benefits  might  be 
achieved,  as  in  improved  product  durability,  disposabil- 
ity,  or  recyclabil i ty,  or  the  elimination  of  toxic 
material s . 

Government  procurement  and  design  policies  favoring 
the  appropriate  use  of  non-critical  substitute  mater- 
ials would  help  to  demonstrate  the  practicability  of 
the  substitute  materials. 

In  the  case  of  essential  but  dissipative  uses,  the  most 
abundant  and  least  critical  material  that  will  do  the 
job  should  be  used. 
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Further  emphasis  should  be  placed  on  research  on  the 
processing  and  properties  of  relatively  abundant  met- 
als and  their  alloys  (such  as  aluminum,  magnesium, 
iron),  and  on. certain  ceramics  with  the  objective  of  sub- 
stituting them  for  more  critical  materials.   In  such 
instances  relative  energy  requirements  and  pollution 
effects  should  be  taken  into  account. 

The  use  of  relatively  abundant  rather  than  less  abund- 
ant materials  should  be  encouraged  wherever  that  is 
practi  cabl e . 

SYNTHESIS 

Replacement  of  critical  natural  materials  by  abundant 
and  suitable  synthetic  materials  should  be  encouraged 
where  practicable. 

Where  potential  synthetic  materials  clearly  offer 
strategic,  conservati onal ,  or  environmental  advantages 
over  natural  materials,  research  on  and  appropriate 
production  of  candidate  materials  should  be  encouraged. 
The  ecological  advantages  and  disadvantages  of  natural 
materials  as  compared  with  possible  synthetic  substi- 
tutes need  evaluation. 

DESIGN 


1.    Innovation  in  materials  application  should  be  encouraged 
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to  favor  materi  al s 

(a)  that  are  most  abundant; 

(b)  that  most  efficiently  meet  a  product's  functional 
requi  rements ; 

(c)  that  improve  product  durability,  maintainability, 
repai rabil i ty ,  and  recycl abi 1 i ty . 

Processing  and  fabricating  methods  should  be  encouraged 
that  consume,  waste,  or  disperse  the  least  amount  of 
materials  for  equivalent  performance. 

In  selecting  the  specifications  for  a  design,  including 
material  specification,  standardization  should  be  em- 
ployed to  promote  maintainability,  repai rabi 1 ity,  and 
recycl abi 1 i  ty . 

The  general  goal  should  be  a  more  conserving  and  more 
economical  use  of  materials  through  better  design. 
The  desired  design  criteria  can  best  evolve  from  the 
precise  knowledge  of  the  properties  and  relative  avail- 
abilities of  materials.   Thus,  better  integration  is 
needed  between  mineral  exploration  and  assessment,  the 
extractive  industries,  and  materials  science  and  engin- 
eering, and  all  need  both  greater  emphasis  and  more 
clearly  focussed   objectives. 
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Chapter  IV 
EXTRACTIVE  METALLURGY  AND  MINERAL  PROCESSING 

The  Interim  Report  of  the  National  Commission  on  Ma- 
terials Policy  (April  1972)  underscores  the  severe  prob- 
lems facing  extractive  metallurgy  in  the  years  ahead.   The 
basic  question  is:  How  can  we  produce  needed  amounts  of 
metals  from  ores  of  steadily  decreasing  grade  while  con- 
currently producing  less  environmental  damage  than  in  the 
past?   The  traditional  processes  by  which  our  minerals  are 
currently  processed  and  metals  extracted  are  no  longer 
good  enough.   New  and  better  processes  must  be  developed. 
But  how?   What  are  the  basic  issues  and  how  may  we  best 
move  toward  their  resolution? 

SOME  PROBLEMS  AND  THEIR  ALLEVIATION 


1 .    Many  of  the  process  units  of  today's  metal -extraction 
plants  are  obsol ete .   Replacing  them  with  facilities 
capable  of  employing  the  best  available  technology 
would  improve  metal  yields,  reduce  manpower  demands, 
and  clean  up  many  of  the  environmental  pollution  prob- 
lems caused  by  metal  extraction.   In  many  instances 
in  private  industry,  the  cash  flow  and  profits  after 
taxes  have  been  insufficient  to  encourage  replacement, 
considering  the  low  return  on  the  heavy  investments 
required.   How  can  we  provide  incentives  and  stimula- 
tion for  replacement  of  these  many  obsolete  process 
faci 1 i ties? 
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Major  energy  inputs  are  required  in  all  extractive  met- 
allurgy and  mi neral -process  1 ng  operations.   Some  of 
these  cause  serious  pollution.   How  can  we  reduce  or 
eliminate  the  polluting  processes  and  avoid  inordinate 
increases  in  national  energy  requirements? 
There  are  not  enough  extractive  metallurgists  and  min- 
eral engineers  to  design,  build,  and  operate  all 
the  new,  modern,  and  environmentally  responsive  plants 
that  are  now  needed  and  will  be  required.   Chapter  VII 
deals  with  the  broader  issues  of  manpower  and  facili- 
ties, but  the  Committee  as  a  whole  agrees  that  the  prob- 
lem is  especially  severe  in  the  fields  of  extractive 
metallurgy  and  mineral  engineering  and  deserves 

re-emphasis  here. 

Problems  presented  by  lower-grade  ores  require  recogni- 
tion that  transformation  of  mineral  deposits  into  min- 
eral wealth  grows  increasingly  dependent  on  improved 
technol ogy .   Some  of  this  technology  can  be  imported 
from  abroad,  but  it  must  be  supplemented  and  extended 
by  a  national  effort  in  process  research  and  develop- 
ment.  The  processing  of  waste  materials  to  recover 
metals  and  other  values  must  also  be  given  high  prior- 
ity.  The  issue  is:  How  can  we  maximize  the  appropri- 
ate utilization  of  our  mineral  resources? 
National  and  international  regulations  are  needed  to 

effectively  control  pollution  --  by  an  obvious  extra- 
polation of  government's  historic  mission  of  "law  and 
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order."   Redistribution  of  unwanted  elements  to  atmos- 
phere, water,  and  land  (including  its  subsurface)  is  a 
normal  consequence  of  minerals  processing.   Operations 
must  be  conducted  in  such  a  manner  as  to  prevent  or 
greatly  minimize  damage  to  health  and  welfare  while 
concurrently  conserving  materials  that  might  be  put  to 
good  use.   How  can  the  government  most  expeditiously 
establish  the  required  oversight? 
6.    The  United  States  lags  behind  other  industrial  nations 
In  the  development  and  utilization  of  new  and  improved 
processes  for  metallurgical  extractions.   The  results 
are  lower  recovery  of  metal  values,  higher  process  la- 
bor costs,  and  avoidable  degradation  of  the  environment. 
What  can  be  done  to  alleviate  these  problems  and  re- 
establish leadership  in  such  matters?   Some  steps  re- 
qui  red  are  as  fol lows : 

(a)  Wastes  must  be  processed  more  extensively  and  more  ■ 
efficiently  to  recover  metals  and  other  values. 
Recycling  of  materials  deserves  high  priority  be- 
cause of  the  joint  contribution  this  makes  to  con- 
servation of  resources  and  reduction  of  pollution. 

(b)  Improved  methods  of  mineral  recovery  must  be  de- 
signed with  the  aim  of  conserving  resources  and  re- 
ducing environmental  damage  through  more  efficient 
process  i  ng . 

(c)  The  effective  processing  of  and  extraction  of  metals 


850 


-39- 


from  lower-grade  ore  bodies  will  be  required  if 
world  reserves  are  to  be  extended. 

(d)  Energy  should  be  utilized  more  efficiently  in  the 
reduction  of  ores  to  metals.   Processes  that  are 
wasteful  of  energy  should  be  replaced  by  processes 
that  are  more  energy  conserving. 

(e)  Extraction  processes  that  result  in  excessive  use 
of  materials  and  deter  process  improvement  should 
be  modified  to  conserve  materials  and  encourage 
greater  efficiency. 

(f)  The  approaching  depletion  of  clean,  readily  trans- 
portable, easy-to-use  fuels  such  as  natural  gas 
warns  of  the  need  for  processes  to  convert  more 
abundant  fuels  (coal,  oil  shale,  etc.)  into  cleaner 
and  more  convenient  fuels. 

As  was  made  clear  in  the  report  of  the  Committee  on 
Mineral  Science  and  Technology  (NAS,  1969),  neither  the  ex- 
tractive industry  nor  the  colleges  of  engineering  are  well 
prepared  to  face  these  challenges.   Research  and  development 
on  extractive  processes  in  domestic  industry  have  lagged  be- 
hind foreign  efforts  in  many  instances.   Extractive  metal- 
lurgy in  the  schools  has  not  had  the  support  of  federal  grant 
money  suppl ied  to  other  engineering  disciplines,  and  has 
either  disappeared  or  has  become  a  weak  step-sister  to  physi- 
cal metallurgy  and  materials  science.   These  trends  must  be 
reversed  if  extractive  metallurgy  is  to  play  an  effective 
part  in  achieving  the  goals  of  Public  Law  91-512. 

♦Mineral  Science  and  Technology  -  Needs,  Challenges  and 
Opportunities;  Report  by  the  Committee  on  Mineral  Science 
&  Technology,  NAS-NAE-NRC,  Wash.,  D.C.,1969;  129  pp. 
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Needed,  as  soon  as  possible,  is  an  ample  and  continuing  sup- 
ply of  well-trained  extractive  metallurgists  coming  from 
modern  training  facilities.   Without  this,  industry  will 
continue  to  fall  short  in  extractive-process  development. 

Selected  examples  of  problems  in  extractive  metallurgy 
requiring  concentrated  attention  and  action  in  industrial 
laboratories  of  the  United  States  are: 

1.  Coke  is  a  widely  used  fuel  and  reductant  in  metallur- 
gical industries.   Today's  coke  ovens  are  fast  wearing 
out  and  must  be  replaced  in  kind  or  by  a  new  process. 
It  is  doubtful  that  the  conventional  oven  design  can 
be  satisfactorily  modified  to  meet  acceptable  pollu- 
tion standards.   Some  pilot  plants  are  making  "form" 
coke  today,  but  more  work  is  required  to  adapt  this 
development  to  full-scale  production. 

2.  Continuous  reduction  and  refining  processes  from  ore 
to  molten  metal  are  possible  and  are  being  developed 
in  various  foreign  laboratories  and  pilot  plants  for 
steelmaking  in  France,  England,  the  U.S.S.R.,  Austra- 
lia, and  probably  Japan.  Continuous  copper-smelting 
work  is  also  under  way,  but  not  in  the  United  States. 

3.  Electric  smelting,  electrolytic  reduction,  hydro- 
metallurgical  operations,  solvent  extraction,  pressure 
leaching,  and  fluid  bed  reduction  are  attractive  al- 
ternates to  the  traditional  pyro-metal 1 urgi cal  proces- 
ses and  should  be  intensively  studied  and  more  widely 

i  ntroduced . 
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Application  of  tonnage  oxygen  to  smelting  processes 
could  facilitate  the  capture  of  sulfur  dioxide  for 
subsequent  conversion  to  elemental  sulfur  or  sulfuric 
acid  and  thus  reduce  SO^  emissions. 

RECOMMENDATIONS 


Consideration  of  the  above  issues  and  challenges  leads 

us  to  recommend  the  actions  below: 

1  .    The  establishment  of  a  National  Minerals  Processing 

Institute  should  be  explored  as  a  joint  venture  of 
industry,  government,  and  the  universities.   Areas  of 
investigation  should  include  the  mining  and  processing 
of  all  mineral  resources  as  well  as  problems  of  environ- 
mental impact.   New  processes  resulting  from  research 
sponsored  by  this  institute  should  be  made  available  to 
all  by  means  of  appropriate  licensing  procedures. 

2-    Present  and  planned  activities  of  the  U.  S.  Bureau 
of  Mines  should  be  reviewed  with  respect  to  research 
and  development  in  extractive  metallurgy  and  minerals 
processing  and  the  monitoring  of  progress  and  problems 
in  or  related  to  these  fields,  including  environmental 
consequences .   To  the  extent  necessary,  additional  fund- 
ing should  be  provided  and  reorganization  undertaken  to 
assure  that  federal  responsibilities  in  these  areas  are 
effectively  met  and  that  appropriate  segments  of  the 
work  are  farmed  out  to  educational  institutions  where 
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they  could  have  a  beneficial  effect  in  reversing  the 
decline  in  relevant  advanced  programs  and  student  en- 
rollments. 

Policies  for  utilization  of  materials  should  be  designed 
under  constraints  that  will  assure  their  best  and 
most  efficient  use  and  conservation,  including  the  most 
efficient  utilization  of  all  constituents  of  ores.   Fore- 
casts for  materials  and  energy  demands  for  the  year  2000 
(e.g.,  NCMP  Interim  Report,  April  1972)  indicate  impend- 
ing large  increases  in  per  capita  consumption  of  many 
materials.   Demand  for  aluminum,  for  example,  is  expec- 
ted to  increase  about  four-fold.   Future  demands  for 
energy  and  certain  other  resources,  and  the  degree  of 
environmental  impact,  are  directly  related  to  the  mag- 
nitude of  the  demands  forecast.   Projected  increases  in 
the  use  of  aluminum,  for  example,  would  require  large 
quantities  of  energy  --  about  twice  the  energy  consump- 
tion of  steel  on  an  equivalent  fabrication  basis,  or  al- 
most six  to  one  on  a  weight  basis.   Thus  the  projected 
per  capita  increases  should  be  critically  analyzed  as 
to  urgency,  feasibility,  and  desirability.   Can  they  be 
justified  across-the-board  in  an  era  of  decreasing  grade 
of  primary  mineral  raw  materials,  growing  dependence  on 
foreign  sources,  and  painful  environmental  impact,  es- 
pecially insofar  as  they  do  not  contribute  to  the  real 
quality  of  living  in  terms  of  enhanced  variety  and  flex- 
ibility of  options  and  a  clean  and  healthful  environment? 
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4.    Measures  should  be  formulated  and  adopted  leading  to 

replacement  of  obsolete  mi neral- extracti on  facilities. 
The  ferrous  and  non-ferrous  industries  in  the  United 
States  are  operating  with  many  obsolete  plants  that 
are  inefficient  in  use  of  manpower,  recover  too  low  a 
percentage  of  the  value  content  of  the  ores,  and  con- 
tribute seriously  to  air  and  water  pollution.   For  the 
most  part,  the  necessary  scientific  and  engineering 
data  are  probably  available  for  adequate  design  of  mod- 
ern plants  that  will  meet  pollution  standards.   Where 
replacement  of  obsolete  plant  and  equipment  can  be 
justified  on  a  "reasonable  return  on  investment"  basis, 
such  programs  have  a  place  in  the  long-range  plans  of 
any  company.   The  capital  appropriations  for  such  re- 
placements, however,  are  often  far  down  on  the  list  of 
priorities  for  action.   Consider  such  a  contrast  as  is 
provided  by  the  steel  industry  of  Japan,  where  90 
percent  of  existing  facilities  have  been  built  since 
the  late  1950's,  using  the  best  technological  develop- 
ments in  the  world.   They  have  been  encouraged  to  build 
such  an  industry  by  incentives  to  develop  a  strong  ex- 
port market  as  well  as  by  a  growing  domestic  economy. 
Not  the  least  of  their  success  has  come  from  the  attrac- 
tion and  utilization  of  very  competent  engineering  tal- 
ent to  apply  and  further  develop  their  technology.   An 
accompaniment  of  this  "success,"  of  course,  has  been  a 
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severe  and  growing  pollution  problem,  which  we  must 
avoid  both  by  limiting  polluting  aspects  of  development 
and  by  incorporating  the  costs  of  environmental  protec- 
tion and  clean-up  into  the  costs  of  production. 
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GOVERNMENTAL  INCENTIVES  AND  CONTROLS 

The  overriding  materials  problem  that  calls  for  in- 
creased attention  to  appropriate  legislative  and  other 
governmental  incentives  and  controls  is  the  problem  of  as- 
suring a  flow  of  raw  materials  into  the  national  economy 
sufficient  to  maintain  its  strength  during  a  period  of  con- 
tinued growth  of  population  and  demand  for  such  materials. 
Simultaneously,  such  incentives  and  controls  must  take  into 
account  the  need  to  conserve  materials,  enhance  the  dur- 
ability of  goods  and  quality  of  the  capital  stock,  and  safe- 
guard the  environment  --  in  other  words,  to  move  in  the  di- 
rection of  stabilizing  the  man-resources  system. 


SOME  ISSUES 


The  issues  are  many.   Among  the  more  important  are 

these  four: 

1 .    How  can  we  prevent  or  abate  the  wasteful  or  harmful 

use  or  loss  of  irreplaceable  materials  by  the  private 
sector,  brought  about  in  advanced  industrial  societies 
because  repair  requires  hand  labor,  which  costs  more 
and  more  relative  to  the  original  cost  of  manufactured 
products,  by  planned  product  deterioration  and  obsol- 
escence, by  conspicuous  consumption,  and  by  disperal 
of  materials? 
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4. 


How  can  we  prevent  or  abate  the  wasteful  or  harmful 
use  or  loss  of  irreplaceable  materials  as  a  conse- 
quence of  governmental  actions  or  inactions  whose  ef- 
fect is  to  stimulate  production  and  consumption,  or 
waste,  of  non- renewabl e  resources,  and  to  externalize 
social  and  environmental  costs? 

How  can  materials  information  be  used  more  effective- 
ly in  national  policy  and  strategy,  in  incorporating 
changing  public  priorities  and  values  into  resource- 
oriented  decisions,  in  resolving  conflicts  of  inter- 
est among  states  and  regions  that  threaten  a  more 
unified  national  materials  policy,  and  in  illuminating 
the  hazards  of  uncritical  faith  in  growth,  in  un- 
specified technology,  in  vague  concepts  of  human  inge- 
nuity, in  the  "demographic  transition,"  or  in  any 
combination  of  these?   Where  will  the  necessary 
leadership  come  from? 

How  can  flexibility  of  response  to  challenge  be  built 
into  the  decision  structure? 

TRENDS 


It  is  evident  from  all  criteria  that  demand  for  mater- 
ials will  continue  to  grow.   In  view  both  of  environmental 
problems  and  of  the  certainty  that  supply  of  most  mineral 
materials  cannot  indefinitely  keep  pace  with  ever- i ncreas i ng 
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detnand,  we  see  little  alternative,  in  a  wel  1 -managed  society, 
to  increase  regulation  on  a  national  scale  of  the  alloca- 
tion and  use  of  mineral  resources.   On  the  other  hand,  a 
wholesale  and  abrupt  revision  of  existing  policies  and  stra- 
gegies  would  probably  be  unworkable,  even  if  we  knew  in  de- 
tail what  changes  to  make,  because  a  perceived  crisis  of  the 
required  intensity  does  not  exist.   It  seems  more  likely  that 
we  shall  find  our  way  to  the  lessening  of  future  crises,  if 
we  do,  by  incremental  changes  in  direction. 

Many  and  large  changes  in  social  values  and  political 
priorities  are  taking  place  in  the  nation,  accompanied  by  a 
pervasive  distrust  of  established  authority  at  virtually  all 
levels.   A  new  economic  protectionism  is  growing,  expressed 
not  only  at  the  national  level  but  within  states  and  even  lo- 
cal units  of  government.   These  trends,  making  more  difficult 
the  imposition  of  regulations  or  controls  that  may  be  needed, 
must  be  dealt  with  in  considering  materials  policy.   The  desire 
to  protect  jobs  and  income  at  home  is  raising  barriers  to  im- 
ports; the  desire  to  preserve  local  economic  growth  is  causing 
some  producing  states  to  reconsider  their  commitment  to  supply 
mineral  products  to  the  rest  of  the  nation;  the  desire  to  pro- 
tect local  environments  is  lowering  the  potential  for  mineral 
production  in  many  parts  of  the  country  and  will  continue  to 
do  so  without  price  increases  to  cover  costs  of  environmental 
protection  and  restoration. 

The  American  life  style,  insofar  as  it  depends  upon  ma- 
terials, is  changing  and  will  continue  to  change  in  the  near 
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future  as  the  nation  pays  the  deferred  social  costs  of  past 
consumption  and  inequities  in  distribution  and  begins  to 
calculate  the  costs  of  depletion,  replacement  of  non-renew- 
able resources,  and  environmental  restoration  and  protection 

ASSUMPTIONS  AND  JUDGMENTS 


Recognizing  that  we  are  dealing  with  a  subject  about 

which  views  are  diverse  and  strong,  and  evidence  is  often 
not  clear-cut,  we  preface  this  discussion  with  a  brief 
statement  of  assumptions  and  judgments. 

Governmental  incentives  and  controls  should  be  straight- 
forward, equitable,  and  flexible.   Our  consideration  of  var- 
ious regulatory  systems  leads  to  the  judgment  that  good  and 
different  incentive  mechanisms  can  meet  different  needs  at 
different  times.   However,  for  many  materials  situations, 
price  control  (not  necessarily  downward)  may  well  be  more  ef- 
fective than  other  alternatives,  such  as  selective  taxation 
or  subsidy.   In  addition,  as  much  or  more  attention  should  be 
paid  to  controlling  materials-consuming  growth  as  to  increas- 
ing supply.   Resource  data  should  be  evaluated  on  an  energy 
and  materials  balance  basis,  rather  than  just  on  an  economic 
basis.   The  grant-in-aid,  direct  or  indirect,  is  a  defective 
control  mechanism,  for  it  creates  a  speci al - i nterest  group, 
promotes  inefficient  allocation  of  resources,  and  decreases 
flexibility  of  response  to  changing  needs.   Members  of  mater- 
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ials  interest  groups,  be  they  producers,  processors,  pur- 
veyors, or  purchasers,  should  be  treated  equally  within 
groups  and  equitably  among  groups.   Technologic,  economic, 
and  social  efficiency  of  materials  use  calls  for  study  of 
how  individual  and  collective  freedom  to  waste  materials 
can  be  most  effectively  and  democratically  limited. 

DISCUSSION 


Materials  positions  tend  to  be  volatile.   The  glut  of 
today  may  be  the  dearth  of  tomorrow.   In  such  a  situation, 
regulation  of  some  kind  is  needed  to  dampen  fluctuations 
and  hold  them  within  manageable  limits.   Government  actions 
that  are  or  could  be  applied  to  mi neral -resource  production 
and  consumption  are  listed  in  the  table  that  follows  this 
discussion.   This  tabulation  is  presented  only  as  a  con- 
venient way  of  visualizing  alternatives,  in  full  recognition 
that  the  net  effect  of  a  government  action  must  be  measured 
in  terms  of  national  objectives,  which  remain  unidentified 
in  this  table.   Import  restrictions  on  a  specific  material, 
for  example,  can  work  j_n  favor  of  national  security  and  re- 
gional economic  health,  but  at  the  same  time  against  na- 
tional economic  efficiency  and  environmental  quality.   Time 
was  not  available  to  analyze  this  matrix  of  cause  and  ef- 
fect, of  conflicting  aims  and  tradeoffs,  but  it  should  be 
expl ored. 
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The  need  to  increase  materials  supplies  and  reserves 
and  to  maintain  access  to  supplies  not  under  U.  S. 
political  control  is  discussed  in  Chapters  1,  4,  and  6. 
Here,  therefore,  we  emphasize  the  need  for  restraint  of  de- 
mand, growing  out  of  the  conviction 

(a)  that  the  demand  side  of  the  demand-supply  equation  has 
received  far  too  little  critical  analysis,  as  implied 
by  pages  6-7  of  the  April  1972  Interim  Report  of  the 
National  Commission  on  Materials  Policy,  a  two-page 
list  of  "Materials  Issues  and  Problems"  that  nowhere 
alludes  to  review,  analysis,  or  restraint  of  demand; 

(b)  that,  for  some  materials,  restraint  of  demand  offers 
greater  possibilities  of  approaching  a  supply-demand 
balance  than  encouragement  of  supply  increase; 

(c)  that,  in  the  long-term  use  of  non- renewabl e  resources, 

restraint  of  demand  is  the  rational  way  to  approach 
the  inevitable  substitutions  required  by  physical  de- 
pletion and  economic  exhaustion  of  some  of  those  re- 
sources ;  and  ,  finally, 

(d)  that  the  entire  existing  system  for  materials  decision- 
making is  so  biased  in  favor  of  production  and  consump- 
tion that  one  can  hardly  overstress  the  need  for  temp- 
erance and  foresight  in  monitoring  and  controlling 
wasteful  and  non-essential  uses. 


862 


■51- 


Possible  government  actions  in  regard  to  mineral- 
resource  production  and  consumption: 


Acti  on 


Impact  on 

domes ti  c 

producti  on 


Impact  on 
domes ti c 
consumpti  on 


FINANCIAL 
1)   Production  subsidy,  direct 


+  to 


2)   Production  subsidy,  indirect 


3)   Depletion  allowance 


4)   Tariff  or  duty  on  imports 


5)   Federal  lease  bonuses  and  roy- 
alties 


-  to  0 


6)   Government  purchase  and  use 
practices 


+  to 


7)   Exploration  loans  (e.g.,  OME) 


8)   Government  subsidy  (including 
dedication  of  taxes)  of  mineral- 
using  activities  (highway,  air- 
port  construction) 


9)   Government  stockpile  accumula- 
tion  (domestic  materials) 


10)  Availability  of  government- 
identified  resources 


11 


Price  controls 


12 


Consumer  taxes 


13 


Production  (severance,  effluent 
taxes ) 


14 


Government  stockpile  reduction 


15 


Support  of  materials  research 
and  development 


0  to  + 


+  to  - 


16 


Change  from  claim  to  lease 
system  for  minerals 


to  + 


17 


Incentives  for  foreign  pro- 
duction 


0  to 


18 


Depreciati  on 


19 


Expensing  of  exploration  costs 
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Action 


Impact  on 

domestic 

production 


Impact  on 
domest i  c 
consumption 


B.   PHYSICAL 

(1)   Import  restrictions 


(2)   Federal  land-leasing  rate 


(3)   Payment  for  deferred  pro- 
duction 


(4)   Prohibition  of  production 
activities 


(5)   Zoning  and  withdrawal  of  land 


(6)   Prorationing 


+  to  - 


(7)   Operational  regulations 

(waste-disposal,  health,  land- 
reel  amati  on  ) 


(8)   End-use  controls 


(9)   Impurity  limits  (sulfur,  mer- 
cury,  e.g.  ) 


(10)  Regulations  requiring  building 
design  to  conserve  materials 


(11)  Regulations  allowing  or  re- 
quiring internalization  of  all 
external  or  social  costs  of 

product  ion 


(12)  Regressive  taxation  of  low- 
efficiency  uses  of  scarce 
materials 


(13)  Export  controls 
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RECOMMENDATIONS 


An  effective  monitoring  system  for  materials  supply. 
del i verabi 1 i ty,  reserves,  use,  substi tutabi 1 i ty  ,  en- 
vironmental impact,  demand,  and  the  efficacy  and 
costs  of  incentives  and  controls  is  needed.   Defini- 
tion and  assessment  of  trends  are  essential  if  poten- 
tial crises  are  to  be  foreseen  and  averted  or  damp- 
ened. 

The  materials  implications  of  existing  social  policies 
and  government  programs  should  be  critically  evaluated 
in  light  of  the  need  to  control  demand  and  prevent 
waste  and  environmental  deterioration.   This  applies 
even  to  programs  whose  objectives  are  not  materials- 
oriented.   National  strategic  objectives  such  as  full 
employment,  regional  economic  development,  and  even 
environmental  quality  stimulate  resource  consumption; 
consequently,  the  social  costs  of  such  objectives  in- 
clude resource  depletion,  materials  dispersion,  and 
energy  degradation. 

National  reserves  of  specific  critical  materials  should 
be  establ i  shed ,  based  on  projected  needs  of  the  economy, 
estimated  uncertainty  of  supply,  and  state  of  tech- 
nol ogy . 
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Government  should  not  hesitate  to  enter  materials  mar- 
kets ,  as  either  buyer  or  seller,  in  order  to  achieve 
essential  regulatory  objectives,  as  well  as  to  main- 
tain national  reserves. 

In  special  circumstances  also,  government  should  not 
hesitate  to  consider  the  nationalization  of  limited 
stocks  of  critical  materials  where  necessary  to  pre- 
vent their  wasteful  use  or  loss  of  essential  and  con- 
servable  materials  to  future  generations. 
State  and  regional  economic  protectionism  should  be 
discouraged  wherever  it  threatens  to  introduce 
irrationality  into  an  effective  national  pattern  of 
materials  management. 

We  need  to  learn  more  about  social  perceptions  and  at- 
titudes that  involve  materials,  in  order  to  be  able  to 
estimate  and  influence  acceptability  of  incentives  and 
control s . 

We  need  to  devise  incentives  to  encourage  development  of 
the  technical  ability  to  use  renewable  resources  in 
place  of  non- renewabl e  ones  and  to  use  abundant  mater- 
ials in  place  of  scarce  ones . 

To  the  extent  practicable,  government  incentives  and  con- 
trols applied  to  shared  resources  and  impacts  should 
harmonize  with  those  of  our  neighbors .   Some  materials 


866 


-55- 


and  environmental  resources,  such  as  those  of  the 
Great  Lakes  and  the  Gulf  of  Mexico,  not  to  mention 
the  world  oceans,  are  international  commons.   In 
other  instances,  the  development  and  use  of  domestic 
materials  produce  or  can  be  expected  to  produce  im- 
pacts on  neighbor  nations.   Failure  to  agree  on  com- 
mon policy  for  the  management  of  such  resources  and 
the  control  of  such  environmental  impacts  threatens 
both  the  commons  and  the  national  image. 

CONCLUSION 


In  conclusion,  it  is  our  opinion  that  there  is  a  grow- 
ing need  for  leadership  at  the  highest  national  and  inter- 
national levels  for  more  equitable  and  harmonious  al- 
location of  resources  between  present  and  future  genera- 
tions and  between  geographic  areas,  as  well  as  elucidation 
at  this  same  level  of  the  dangers  and  opportunities  to 
which  society  should  respond.   Difficult  though  this  may  be, 
we  consider  such  an  effort  to  be  vital  to  an  effective  and 
moral  materials  policy. 
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Chapter  VI 

INTERNATIONAL  IMPLICATIONS  OF  MATERIALS  POLICY  ISSUES 


All  signs  point  to  a  growing  world  need  for  materials. 
For  most  countries,  there  will  be  an  increasing  interdepend- 
ence on  sources  of  raw  materials.   The  United  States,  as  one 
of  the  world's  major  industrialized  nations,  will  continue 
to  need  broad  access  to  varied  sources  of  supplies. 

In  1950  the  world  produced  about  200  million  tons  of 
steel,  of  which  the  United  States  produced  47  percent,  where- 
as in  1971  the  world  produced  about  640  million  tons  of  steel, 
of  which  the  United  States  produced  only  19  percent.   Because 
world  material  supplies  generally  move  roughly  in  proportion 
to  steel  production,  these  figures,  together  with  trade  data, 
show: 

1.  A  growing  increase  in  world  demand  for  raw  materials; 

2.  A  less  dominant  U.S.  position  in  world  production; 

3.  A  growing  international  competition  for  acquisition  of 
usable  raw  materials,  especially  with  the  United  States. 
Rising  world  concern  with  problems  of  the  environment, 

moreover,  suggests  that  developed  countries  in  particular 
will  become  more  concerned  with  efficient  utilization  of  re- 
sources by  methods  of  production  less  damaging  to  the  en- 
vironment. 

On  the  international  scene,  some  countries,  Japan,  for 
example,  have  developed  apparently  efficient  and  flexible  com- 
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bined  government-industry  mechanisms  that  represent  the  in- 
terests of  an  entire  industry  abroad.   At  the  same  time, 
countries  with  centrally  planned  economies  can  also  effective- 
ly represent  abroad  the  interests  of  an  entire  industry  seg- 
ment.  Governments  of  developing  nations  increasingly  want 
greater  control  over  development,  sales,  and  exports  of  raw 
materials,  as  well  as  participation  in  or  control  of  manage- 
ment.  In  addition,  they  are  pressing  for  domestic  proces- 
sing of  raw  materials  so  as  to  ship  semi-manufactured  or  re- 
fined products  and  thus  derive  the  increased  employment  and 
income  resulting  from  value  added  in  industrial  operations. 
Mechanisms  must  be  found  to  cope  fairly  with  such  pressures 
at  a  national  level,  and  to  reduce  the  present  conflicts  be- 
tween government  and  the  mineral  industries  within  the  United 
States . 

SOME  ISSUES  AND  RECOMMENDATIONS 


What  should  be  the  nature  of  the  industry-government 
relationship  within  the  United  States  in  order  to  bring 
needed  closer  cooperation  concerning  materials  prob- 
1  ems?   We  suggest  that  a  permanent  Minerals  Advisory 
Council  be  formed,  composed  of  representatives  from  in- 
dustry, government,  and  academia. 

What  laws  or  executive  orders  must  be  modified,  and  in 
what  way,  in  order  to  permit  the  necessary  close  in- 
dustry-government cooperation?   We  believe  that  the 
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effects  of  antitrust  laws  and  conflict-of-interest  regu- 
lations should  be  carefully  reevaluated  with  a  view  to 
introducing  modifications  needed  to  protect  valid  na- 
tional interests  in  the  international  materials  field. 
Is  insurance  currently  provided  by  the  United  States  for 
overseas  investment  adequate  to  meet  foreseeable  risks, 
to  promote  needed  materials  development,  and  to  streng- 
then the  proper  interests  of  U.  S.  resource  industries 
abroad?  We  recommend  that  the  proposed  International 
Investment  Insurance  Agency  (1. 1. 1. A.)  be  studied  and 
evaluated  with  a  view  to  wider  support. 
Are  special  incentives  needed  to  encourage  development 
abroad  of  resources  believed  needed  by  the  domestic 
economy  and  to  what  extent  are  they  appropriate?   We 
recommend  that  the  Defense  Production  Act  be  extended 
and  sufficient  borrowing  authority  thereunder  be  made 
available  to  meet  essential  national  needs,  while  con- 
current study  is  made  of  the  prospects  and  tradeoffs 
related  to  establishment  of  a  more  self-sufficient  and 
conserving  national  minerals  policy.   Other  mechan- 
isms should  also  be  explored,  as  discussed  in  Chapters 
1 ,  3 ,  4  ,  and  5 . 

How  can  the  United  States  encourage  the  use  of  the  fa- 
cilities of  the  International  Center  for  the  Settlement 
of  Industrial  Disputes?   We  recommend  that  u.  S. 
companies  be  informed  by  the  federal  government  of  the 
existence  of  this  agency  and  encouraged  to  include  ap- 
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propriate  clauses  in  contracts  and  agreements  involving 
foreign  entities. 

Should  an  interagency  group  make  estimates  of  the  rela- 
tionship between  population  growth  and  demand  for  limited 
resources  on  a  continuing  and  global  basis?   Should  the 
United  States  Government  encourage  similar  estimates  by 
an  international  body  in  order  to  strengthen  participation 
and  mutual  understanding?   We  recommend  active  support  of 
both  ideas. 

In  view  of  increasing  United  States  imports  of  oil  and  gas, 
what  are  the  policy  implications  over  the  next  few  years 
with  respect  to 

a.  developing  a  common  policy  with  other  OECD  countries 
on  participation  by  producing  countries,  and 

b.  the  likelihood  of  convincing  producing  countries  of 
the  desirability  of  a  stable,  long-term  market? 

What  is  the  likelihood  of  importing  liquified  natural 

gas  on  a  la  rge  scale? 
What  is  the  likelihood  of  international  agreement  on  in- 
stitutional arrangements  affecting  marine  resources  (the 
U.N.  Law  of  the  Sea  Conference  in  1973)? 

What  is  the  international  responsibility  of  countries  for 
pollution  damage  to  other  countries?   What  is  the  likely 
impact  on  foreign  trade  and  investment  of  certain  mater- 
ials industries  if  higher  levels  of  environmental  protec- 
tion are  adopted  in  the  United  States?   In  other  developed 
countries?   Will  environmental  problems  likely  encourage 
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increased  use  of  natural  as  opposed  to  synthetic  pro- 
ducts because  they  are  more  readily  degradable  by  na- 
tural processes  and  thus  less  of  a  threat  to  the  en- 
vi  ronmen t? 

What  national  policy  measures  can  the  developed  coun- 
tries take  to  encourage  recycling  and  thus  bring  about 
more  efficient  use  of  limited  resources? 
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Chapter  VII 
MANPOWER  AND  FACILITIES 

A  national  materials  policy  must  inevitably  include  a 
"people"  policy,  and  so  we  have  set  forth  what  we  perceive 
to  be  manpower  problems  as  they  relate  to  education,  in- 
dustry, and  the  federal  government.   While  solutions  call 
for  better  communication  among  all  these  groups,  the  fed- 
eral government  appears  to  be  the  major  source  for  needed 
funds  and  of  comprehensive  policy  related  to  manpower  (in- 
cluding womanpower). 

We  have  limited  the  discussion  to  mineral  science  and 
technology,  exploration,  mining,  benef i ci ati on  ,  and  extrac- 
tive metallurgy  (as  shown  in  Fig.  1,  page  8,  of  the  NAS  Re- 
port on  Minerals   Science  and  Technology,  Washington,  D.  C, 

* 
1969).   Furthermore,  we  see  the  need  for  training  as  includ- 
ing not  only  technical  but  also  semi-skilled  and  non-skilled 
people. 

Our  first,  and  recurring,  observation  is  that  data  on 
manpower  supply  and  demand  are  incomplete,  inaccurate,  mis- 
leading, often  misinterpreted,  and  are  therefore  much  in  need 
of  improvement.   Moveover,  time  has  not  been  sufficient  to 
undertake  the  study  needed  to  correct  this.   Scientific  man- 
power problems  in  general  have  been  treated  in  more  studious 
and  detailed  reports  of  the  NAS  and  the  Carnegie  Commission;  we 
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confine  ourselves  here  to  some  pooled  judgments  about  man- 
power and  facilities  needs  in  the  mineral  industries. 

ASPECTS  AND  PROBLEMS  OF  EDUCATION 


Suitably  trained  people  in  appropriate  numbers  must  be 
supplied  to  relevant  industry  and  other  employers.   In 
the  face  of  low  or  declining  undergraduate  enrollments 
in  mineral  curricula  this  is  becoming  increasingly 
difficult,  and  the  lead-time  for  such  training  may  be 
anywhere  from  two  to  ten  years. 

Better  communications  must  be  established  between  indus- 
try and  educational  institutions  and  with  the  stu- 
dents as  to  needs  for  training.   In  general,  it  seems 
that  students  make  career  decisions  based  on  existing 
demands,  which,  when  the  lead-time  has  run  out,  may  be 
wrong  for  the  changed  situation.   It  may  also  be  that 
we  are  over- trai ni ng  some  people.   On  this  point  there 
is  now  no  agreement  between  industry  and  educators.   All 
agree,  however,  that  there  is  a  growing  place  for  con- 
tinuing education,  through  short  courses,  seminars,  ex- 
tension classes,  and  other  devices. 

Materials  science  teaching  and  research  need  to  be  bet- 
ter integrated. 

The  uncertainty,  the  timing,  and  the  short  terms  of  grants 
and  contracts  are  vexing  problems  for  universities,  while 
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rising  costs  continue  to  take  their  toll  in  deteriorating 
quality  of  programs,  facilities,  and  equipment. 

5.  Too  few  students  are  enrolled  in  the  many  schools  now  of- 
fering minerals  industry  curricula.   This  results  in  un- 
der-util ization  of  facilities  and  exorbitant  costs  per 
student.   Although  more  and  more  appropriately  trained 
manpower  is  needed,  this  situation  should  be  corrected 
before  new  programs  are  started. 

6.  The  plight  of  the  private  school  in  the  teaching  of  ma- 
terials science  and  technology  (as  in  other  respects) 
is  unresolved  in  any  present  plans. 

7.  The  recent  aid-to-higher-education  bill  is  too  restric- 
tive.  Talent  exists  in  all  classes  and  colors  of  peo- 
ple.  A  healthy  and  responsive  minerals  industry  will 
need  the  best,  irrespective  of  origin. 

8.  More  qualified  people  from  ethnic  minorities,  and  women, 
must  be  attracted  to  the  mineral  industry  professions. 
Better  data  are  needed  before  the  reasons  can  be  clari- 
fied as  to  why  this  has  not  happened.   Meanwhile,  these 
groups  should  be  encouraged  to  consider  careers  in  rel- 
evant fields  and  assisted  in  training  for  them  where 
interest  and  ability  exist. 

9.  Students  of  foreign  origin,  on  the  other  hand,  are  becom- 
ing relatively  more  numerous  in  mineral  industry  educa- 
tion.  The  pros  and  cons  of  this  development  have  not  been 
evaluated. 
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INDUSTRY-RELATED  PROBLEMS  AND  OBSERVATIONS 


Projections  of  the  demand  for  trained  people  differ, 

and  no  one  knows  the  real  demand,  the  necessary  level 

of  education,  or  the  specialties  required.   However, 

it  is  a  nearly  universal  complaint  that  industry 

under-utilizes  trained  people. 

It  seems  to  be  difficult  or  impossible  to  plan  for 

''boom  or  bust"  employment  due  to  fluctuations  in  the 

economy.   However,  we  should  seek  to  do  more  than 

simply  deplore  the  cycle  as  inevitable. 

Although  it  is  commonly  stated  that  higher  salaries 

would  attract  and  hold  people  in  the  mineral  industries, 

recent  surveys  show  that  salaries  are,  in  fact,  compet- 
itive. 

The  public  image  of  the  entire  extractive  industry  needs 
refurbi  shi  ng. 

Policies  in  the  mineral  industries  are  ultra-conserva- 
tive.  The  industry's  contribution  to  formal  education  is 
minimal  --  scarcely  a  token.    It  must  be  increased  if 
the  industry  is  to  become  sel f- re j uvenat i ng  .   Although 
industry  devotes  considerable  effort  to  on-the-job 
training,  work-study  programs,  and  in-house  training, 
more  of  this,  too,  is  needed  to  keep  its  scientific 
and  technical  personnel  current  with  developing  ideas 
and  prepare  them  for  new  ventures. 
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6.  A  growing  problem  in  the  industry  is  unionization  as 
opposed  to  professionalism  of  technical  people. 

7.  More  impelling  and  judicious  incentives  than  legislated 
quotas  are  needed  to  get  qualified  people  from  all  groups 
into  the  mineral  industries. 

GOVERNMENTAL  IMPACTS 

1.  Federal  funding  of  research  and  student  training  in  the 
materials  field  should  be  increased  and  diversified. 
It  has,  in  the  recent  past,  been  mostly  provided  by  DoD, 
AEC,  and  NASA.    Support  of  the  material  sciences  labora- 
tories previously  provided  by  ARPA  has  been  transferred 
to  NSF.   In  the  geological  and  mineral  sciences  fields, 
although  there  has  been  a  long  tradition  of  cordial  col- 
laboration, such  funding  as  has  been  provided  by  the  pro- 
fessional organizations  most  closely  related  to  materials, 
the  U.  S.  Geological  Survey  and  the  U.  S.  Bureau  of  Mines, 
is  inadequate  for  current  and  anticipated  future  needs  in 
the  minerals  profession.   If  Senate  Bill  S-635,  now  being 
discussed  in  the  Congress,  is  enacted  and  appropriately 
funded,  a  major  step  forward  should  become  possible. 

2.  The  role  of  government  in  education  for  the  mineral  sciences 
should  be  limited  to  in-house  training,  cooperative  programs, 
and  support  of  formal  education  and  training  in  both  public 
and  private  established  educational  institutions  with  com- 
petitive standards.   The  federal  government  should  not  be 
in  formal  competition  with  private  or  state  professional 
educational  institutions. 
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SOME  STEPS  TOWARD  SOLUTIONS,  AND  SOME  CAUTIONARY  REMARKS 


It  is  too  simple  to  say  that  money  will  cure  most  of 
the  problems,  but  we  believe  that,  if  manpower  require- 
ments are  to  be  met,  yery    substantial  supplemental 
funding  will  be  needed  for  higher  education  in  the 
mineral  industries  and  related  environmental  management 
and  that  such  funds  should  come  from  both  industry  and 
government. 

Although  several  of  the  solutions  to  problems  mentioned 
above  involve  government,  we  have  not  had  the  time  to 
analyze  potential  sources  of  funding,  including  federal, 
or  to  formulate  concrete  policy  recommendations.   That 
should  be  done,  however,  and  appropriate  action  taken. 
The  results  of  the  Western  Interstate -Commission  on  High- 
er Education  (WICHE)  mutual  aid  pact,  involving  eight 
western  U.  S.  institutions,  should  be  watched  carefully,  al 
though  it  is  still  too  early,  perhaps  by  several  years, 
to  evaluate  them. 

We  agree  that  existing  and  potential  centers  of  excellence 
should  be  strengthened  before  consideration  is  given  to 
establishing  additional  institutions  for  education  in  the 
mineral  industries. 

We  unanimously  agree  that  a  national  mining  school  is 
not  desirable. 
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PREFACE 


This  report  is  the  result  of  a  unique  experiment  in  international  col- 
laboration. A  large  committee  of  scientific  and  intellectual  leaders  from, 
fifty-eight  countries  served  as  consultants  in  preparing  the  report,  of 
whom  more  than  seventy  made  detailed  written  contributions  directly  to 
the  work  of  preparing  it. 

The  names  of  Barbara  Ward  and  Rene  Dubos  are  listed  quite  prop- 
erly as  authors  of  the  report.  They  are  indeed  responsible  for  the  drafting 
and  revision  of  the  manuscript  to  which  they  both  contributed  at  per- 
sonal sacrifice,  under  remorseless  time  pressure,  with  unstinting  assist- 
ance of  a  very  small  staff,  and  without  compensation.  They  are 
responsible,  too,  for  its  general  style.  It  would  be  quite  impossible  to 
describe  adequately  the  spirit  and  energy  that  they  invested  in  its  enter- 
prise. 

But  in  this  case  the  role  of  the  "authors"  is  more  accurately  described 
as  creative  managers  of  a  cooperative  process — one  which  engaged  many 
of  the  world's  leading  authorities  as  consultants  in  the  multiple  branches 
of  environmental  affairs.  Their  names  appear  elsewhere. 

As  Secretary-General  of  the  United  Nations  Conference  on  the  Hu- 
man Environment,  I  commissioned  Dr.  Dubos  in  May  1971  to  serve  as 
chairman  of  a  distinguished  group  of  experts  who  would  serve  as  advisers 
in  preparing  the  report.  The  aim  was  to  reach  out  for  the  best  advice 
available  from  the  world's  intellectual  leaders  in  providing  a  conceptual 
framework  for  participants  in  the  United  Nations  Conference  and  the 
general  public  as  well.  Members  of  the  group  of  consultants  were  asked 
to  read  a  preliminary  manuscript  and  offer  their  criticisms  and  contribu- 
tions. The  letter  appointing  Dr.  Dubos  stated  that  the  greatest-value  of 
the  report  would  "derive  precisely  from  the  fact  that  it  will  represent  the 
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knowledge  and  opinion  of  the  world's  leading  experts  and  thinkers  about 
the  relationships  between  man  and  his  natural  habitat  at  a  time  when 
human  activity  is  having  profound  effects  upon  the  environment." 

This  report  has  been  considered  an  integral  part  of  preparations  for 
the  United  Nations  Conference.  At  the  same  time  it  is  the  work  of 
individuals,  serving  in  their  personal  capacities  without  restraints  im- 
posed upon  officials  of  governments  and  international  agencies.  Thus  the 
report  is  not  an  official  United  Nations  document  but  a  report  to  the 
United  Nations  Conference  Secretariat  from  an  independent  expert 
group.  The  only  restraint  on  those  who  prepared  the  report  was  a  request 
that  they  not  prejudge  the  work  of  governments  at  the  United  Nations 
Conference  by  proposing  specific  international  agreements  or  actions — 
its  main  purpose  being  to  provide  background  information  relevant  to 
official  policy  decisions. 

Many  were  skeptical  of  the  workability  of  the  procedure  adopted  for 
preparation  of  this  report.  Yet  with  less  than  thirty  days  to  study  the 
preliminary  draft,  prepare  their  comments,  and  return  them  to  New 
York,  more  than  seventy  such  contributions  were  received  in  time  to  be 
considered  in  the  course  of  revising  the  manuscript.  Almost  without 
exception,  the  comments  from  the  group  of  experts  were  substantive, 
specific,  and  constructive.  Many  were  lengthy  and  detailed. 

As  the  authors  stress  in  the  introduction,  there  are  contrasting  views 
about  the  social  application  of  important  categories  of  available  tech- 
nology even  where  the  scientific  facts  are  not  in  serious  dispute.  In  other 
cases  viewpoints  expressed  by  consultants  in  effect  canceled  each  other 
out  by  recommending  that  the  drafters  give  countervailing  weights  to 
various  factors  and  considerations.  Some  found  the  tone  too  alarmist; 
others  found  it  too  optimistic.  All  this  is  very  valuable  because  it  is  just 
as  important  for  the  decision-maker  to  know  that  experts  disagree  as  it 
is  to  find  that  a  consensus  exists.  It  also  means,  inevitably,  that  everyone 
cannot  be  satisfied  at  the  same  time;  perhaps  none  of  the  contributors  will 
be  wholly  pleased  with  the  final  text,  certainly  not  the  few  whose  useful 
comments  unfortunately  arrived  too  late  to  be  taken  into  account.  But 
I  know  that  the  managers  of  this  difficult  creative  process  have  made 
every  cffiDrt,  under  the  most  pressing  circumstances,  to  find  a  balance 
among  frequently  contrasting  views. 

More  specifically,  the  consultants  provided  a  great  deal  of  invaluable 
guidance  in  the  formulation  of  scientific  issues  in  suggesting  rearrange- 
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ment  of  material  and  in  verifying  or  correcting  factual  points. 

The  United  Nations  Conference  Secretariat  is  not  responsible  for  the 
content  of  this  report,  nor  is  it  called  upon  to  endorse  it  in  whole  or  in 
part.  But  the  Secretariat  does  welcome  enthusiastically  the  success  of  the 
collaborative  process  by  which  it  was  produced  and  expresses  the  deepest 
appreciation  to  members  of  the  consulting  group  and  to  all  those  many 
people  who,  in  one  way  or  another,  aided  in  this  remarkable  process. 

Finally,  I  must  offer  profound  thanks  to  the  Albert  Schweitzer  Chair 
at  Columbia  University,  the  World  Bank,  and  the  Ford  Foundation  for 
fully  funding  the  cost  of  this  report.  The  International  Institute  for 
Environmental  Affairs  provided  highly  effective  overall  management  of 
a  complex  process  with  no  precedents  to  provide  guidance. 

Maurice  F.  Strong 

Secretary-General 

United  Nations  Conference  on  the  Human  Environment 


882 

INTRODUCTION 


This  introduction  is  distilled  from  about  four  hundred  pages  of  corre- 
spondence, originating  from  forty  different  countries.  It  is  inspired  by  the 
letters  we  received  in  reply  to  our  request  both  for  criticisms  of  the 
preliminary  draft  of  Only  One  Earth  and  for  suggestions  as  to  what 
should  be  emphasized  in  the  final  text.  From  the  tone  of  the  letters,  many 
of  which  greatly  exceed  ten  pages  in  length,  it  is  clear  that  most  of  our 
consultants  are  intensely  worried  about  the  state  of  our  planet,  but  that 
very  few  if  any  of  them  regard  the  situation  as  hopeless.  The  vibrant 
concern  of  so  many  thoughtful  and  learned  persons,  from  many  different 
parts  of  the  world  and  different  fields  of  human  endeavor,  is  enough 
reason  for  sober  optimism. 

We  are,  of  course,  immensely  grateful  to  our  consultants  for  calling 
to  our  attention  factual  errors,  omissions,  and  misplaced  emphases  in  the 
preliminary  draft.  But  the  most  rewarding  and  illuminating  aspect  of 
their  replies  was  the  diversity  and  richness  of  the  conceptual  points  of 
view  they  expressed  concerning  the  problems  to  be  discussed  by  the  U.N. 
Conference  on  the  Human  Environment.  The  very  ambiguity  of  the 
phrase  "human  environment"  clearly  provided  the  consultants  with  the 
opportunity  to  formulate  their  social  and  scientific  philosophies  and  to 
explore  the  consequences  of  their  attitudes  in  operational  terms. 

The  spectrum  of  views  among  our  consultants  was  much  wider  than 
we  expected;  but  far  from  resulting  in  confusion,  the  diversity  of  their 
attitudes  toward  the  environment  turned  out  to  be  the  expression  of  the 
richness  of  man's  nature — and  it  is  this  richness  which  accounts  for  the 
diversity  of  civilizations.  Free  human  beings  differ  not  only  with  regard 
to  the  characteristics  of  the  environmental  settings  which  they  find  most 
desirable,  but  also  with  regard  to  life-styles,  aspirations,  and  last  but  not 
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least  their  views  of  man's  place  in  nature.  Experts  as  well  as  laymen 
usually  find  it  easy  to  agree  on  purely  objective  scientific  issues.  But  the 
U.N.  Conference  is  not  focused  on  abstract  problems  of  theoretical 
ecology.  It  is  primarily  concerned  with  the  characteristics  of  the  environ- 
ment which  affect  the  quality  of  human  life — a  very  subjective  and 
ill-defined  concept. 

In  his  reply,  one  of  the  consultants  from  Africa  urges  us  to  spell  Man 
with  a  capital  M,  instead  of  writing  about  man  or  men.  In  our  opinion, 
this  is  not  trivial  stylistic  advice.  It  symbolizes  rather  a  conceptual  prob- 
lem which  inevitably  confronts  environmentalists  in  all  their  practical 
discussions  and  decisions.  Are  men  simply  higher  apes,  and  as  such  of 
no  greater  significance  than  other  components  of  the  natural  ecosystems? 
Or  does  Man  occupy  a  special  place  in  nature? 

Those  of  our  consultants  whose  primary  interest  is  theoretical 
ecology  naturally  urge  that  emphasis  be  placed  on  the  earth  ecosystem 
per  se,  man  being  considered  chiefly  as  a  disturbing  element  in  it.  And 
there  is  no  doubt  indeed  that  most  of  our  present  environmental  difficul- 
ties originate  from  man's  ecological  misbehavior.  Increasingly  we  con- 
sider ourselves  not  as  lodgers  on  the  earth,  but  as  its  landlords;  we 
identify  progress  with  the  conquest  of  the  external  world  even  if  this 
means  destruction  of  those  parts  of  nature  which  we  assume — often 
erroneously — to  be  irrelevant  to  our  welfare.  But  while  it  is  possible  that 
Homo  sapiens  could  survive  as  a  biological  species  after  impoverishing 
and  spoiling  nature,  could  Man  long  retain  his  humanness  in  a  dese- 
crated environment? 

The  statesmen  who  planned  the  U.N.  Conference  on  the  Human 
Environment  certainly  had  in  mind  the  physical  and  spiritual  qualities 
of  man's  relation  to  the  earth,  at  least  as  much  as  the  ecological  health 
of  our  planet.  They  were  naturally  preoccupied  with  the  shortages  of 
food  and  amenities,  the  depletion  of  natural  resources,  the  accumulation 
of  environmental  pollutants,  the  increase  in  the  world  population,  and 
also  the  threat  to  certain  natural  values  which  transcend  bodily  needs. 
They  realized  in  addition  that  all  these  problems  have  acquired  an  ele- 
ment of  extreme  urgency  from  the  fact  that  mankind  has  now  spread 
over  the  whole  surface  of  the  globe.  By  the  year  1985,  according  to  recent 
estimates,  all  land  surfaces  will  have  been  occupied  and  utilized  by  man 
except  for  those  areas  which  are  so  cold  or  at  such  high  altitudes  that 
they  are  incompatible  with  continued  human  habitation  or  exploitation. 
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The  U.N.  Conference  on  the  Human  Environment  comes  therefore 
at  a  very  critical  time.  Now  that  mankind  is  in  the  process  of  completing 
the  colonization  of  the  planet,  learning  to  manage  it  intelligently  is  an 
urgent  imperative.  Man  must  accept  responsibility  for  the  stewardship 
of  the  earth.  The  world  stewardship  implies,  of  course,  management  for 
the  sake  of  someone  else.  Depending  upon  their  scientific,  social,  philoso- 
phical, and  religious  attitudes,  environmentalists  have  somewhat  differ- 
ent views  as  to  the  nature  of  the  party  for  whom  they  should  act  as 
stewards.  But  in  practice  the  charge  of  the  U.N.  to  the  Conference  was 
clearly  to  define  what  should  be  done  to  maintain  the  earth  as  a  place 
suitable  for  human  life  not  only  now,  but  also  for  future  generations. 

The  depletion  of  natural  resources  is,  of  course,  one  of  the  chief 
reasons  of  uncertainty  concerning  the  continued  ability  of  the  earth  to 
support  future  human  civilizations.  Concern  about  future  supplies  of 
natural  resources  is  so  widespread  and  so  deep  that  one  of  our  consult- 
ants, from  a  highly  industrialized  affluent  European  country,  went  as  far 
as  suggesting  that  mankind  must  begin  very  soon  to  retreat  from  indus- 
trialization and  to  focus  efforts  on  the  development  of  more  efllicient 
agricultural  techniques!  Thoughts  of  retreat  from  industrialization,  how- 
ever, are  not  congenial  to  the  consultants  who  belong  to  parts  of  the 
world  which  are  only  now  beginning  to  industrialize  in  order  to  lift 
themselves  from  poverty.  They  are  aware  of  the  dangers  inherent  in 
industrialization,  but  they  see  it  as  the  only  road  to  higher  living  stand- 
ards. In  fact,  almost  any  method  of  industrial  development  which  gives 
hope  of  more  abundant  food  production,  less  unemployment,  better 
public  health,  and  a  decent  level  of  amenities  must  have  in  their  judgment 
precedence  over  considerations  of  future  environmental  damage. 

Since  industrial  growth  depends  upon  the  availability  of  large 
aniounts  of  electric  power  and  of  certain  chemical  products,  it  is  not 
surprising  that  policy-makers  and  planners  from  countries  which  are 
seeking  economic  development  are  not  likely  to  be  sidetracked,  in  the 
words  of  an  Asian  statesman  "by  dreams  of  landscapes  innocent  of 
chimney  stacks."  There  is  indeed  a  widespread  acceptance  of  the  fact 
that  environmental  pollution  is  an  inescapable  by-product  of  industrial 
development.  Experience  shows  furthermore  that  societies  have  become 
preoccupied  with  long-range  ecological  consequences  only  after  industri- 
alization had  provided  them  with  a  high  level  of  economic  affluence. 
"Sufficient  unto  the  day  is  the  evil  thereof  has  been  the  law  which  has 
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so  far  tacitly  governed  much  of  man's  behavior  toward  the  environment. 
If  history  repeats  itself  in  this  regard,  it  is  likely  that  in  most  places  and 
for  many  years,  environmental  quality  will  be  subordinated  to  develop- 
mental goals. 

Economic  affluence,  however,  is  only  one  of  the  factors  affecting  civic 
consciousness  in  its  attitude  toward  the  environment.  The  difficulty  of 
settling  by  scientific  expertise  the  comparative  importance  of  technologi- 
cal and  environmental  considerations  in  industrial  development  is  well 
illustrated  by  the  profound  differences  of  views  among  our  consultants 
regarding  nuclear  power. 

On  the  very  same  day  we  received  forceful  statements  on  nuclear 
power  from  two  Nobel  laureates,  both  equally  illustrious  for  the  magni- 
tude of  their  achievements  in  the  natural  sciences  and  for  the  importance 
of  their  social  contributions  as  leaders  of  national  agencies  and  as  advis- 
ers to  international  bodies.  Both,  furthermore,  are  from  highly  industri- 
alized English-speaking  countries.  According  to  one  of  them,  the  text  of 
Only  One  Earth  does  not  do  full  justice  to  the  potentialities  of  nuclear 
power  and  greatly  exaggerates  its  threats  to  natural  ecosystems  and  to 
human  health;  in  contrast,  the  other  Nobel  laureate  affirms  that  nuclear 
power  should  not  be  developed  at  all,  because,  in  his  words,  it  is  "utterly 
inappropriate  in  the  biosphere."  Many  other  consultants  have  expressed 
equally  strong  views  on  both  sides  of  this  controversy. 

As  could  be  expected,  similar  contrasts  of  opinion  repeatedly  occur 
among  the  consultants  with  regard  to  pesticides.  One  of  them  informs 
us  that  he  probably  would  be  dead  if  DDT  had  not  been  available  at  the 
time  he  was  working  in  Guyana;  in  the  same  vein,  many  others  repeat- 
edly assert  that  millions  of  people  will  soon  die  of  infectious  disease  or 
of  malnutrition  if  attempts  are  made  to  limit  drastically  the  use  of 
pesticides  in  public  health  practice  and  in  agriculture.  There  are  many 
other  experts,  on  the  other  hand,  who  are  convinced  that  natural  ecosys- 
tems are  even  now  profoundly  disturbed  by  pesticides  and  who  predict 
that  the  earth  will  progressively  become  unsuitable  to  human  life  if 
present  trends  of  pesticide  use  are  continued. 

A  highly  important  but  confusing  anthology  could  thus  be  compiled 
from  the  spectrum  of  views  sent  by  our  consultants  regarding  the  effects 
of  technological  intervention  into  the  human  environment: 

•  Some  are  more  impressed  by  the  stability  and  resilience  of  ecosys- 
tems than  by  their  fragility. 
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•  Some  would  emphasize  human  settlements  rather  than  natural 
ecosystems  and  nature  conservation. 

•  Some  would  give  priority  to  water  pollution,  others  to  the  state  of 
the  atmosphere,  still  others  to  the  problems  of  land  management. 

•  Some  beheve  that  environmental  pollution  and  the  depletion  of 
natural  resources  can  best  be  controlled  by  individual  behavior,  others 
by  strict  controls  over  industry,  and  still  others  by  a  complete  transfor- 
mation of  the  political  structure  or  of  life-styles. 

•  Some  believe  that  the  most  destructive  forms  of  ecological  damage 
flow  from  types  of  high-energy,  high-profit  technology  whose  advantages 
are  grossly  overstated  in  terms  of  genuine  utility,  others  see  energy  as 
the  key  to  the  basic  economic  achievement  of  producing  more  goods  for 
fewer  inputs  and  thus  incomparably  widening  the  citizen's  wealth  and 
choice. 

•  Some  see  the  solution  of  environmental  problems  in  more  scientific 
knowledge  and  better  technological  fixes,  others  in  socio-economic  mo- 
rality, and  still  others  in  the  cultivation  of  spiritual  values. 

•  Some  object  to  the  phrase  "developed  countries"  because  they 
believe  that  no  part  of  the  world  is  yet  adequately  developed;  others  in 
contrast  believe  that  industrial  development  has  gone  too  far  in  the 
affluent  countries  and  must  be  reduced  within  limits  determined  by 
man's  ability  to  stabilize  the  economy  of  the  earth's  resources.  As  men- 
tioned earlier,  certain  consultants  from  highly  industrialized  countries  go 
as  far  as  advocating  a  return  to  an  economy  based  on  agriculture  and 
believe  the  developing  countries  would  be  unwise  to  regard  technology 
as  the  way  to  the  future. 

There  was  general  agreement  among  the  experts  that  environmental 
problems  are  becoming  increasingly  world-wide  and  therefore  demand 
a  global  approach.  But  two  consultants  from  two  different  Asian  coun- 
tries suggest  that  little  progress  will  be  made,  either  in  economic  develop- 
ment or  in  environmental  improvement,  until  each  particular  country 
has  learned  to  manage  its  own  ecosystem.  As  they  point  out,  there  are 
many  different  worlds  within  our  theoretical  One  World,  each  differing 
from  the  other  not  only  in  physical  characteristics  and  economic  struc- 
ture, but  even  more  importantly  perhaps  in  cultural  traditions  and  in 
aspirations. 

Some  of  the  consultants  feel  that  the  general  tone  of  Only  One  Earth 
is  far  too  pessimistic  and  they  see  no  justification  in  reporting  on  the 
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present  state  of  the  world  as  if  it  were  a  "fear  story."  One  of  them,  indeed, 
sees  in  the  style  all  the  defects  he  violently  objects  to  in  Silent  Spring — 
"emotional  and  non-factual."  Other  consultants,  in  contrast,  would  like 
the  book  to  issue  a  more  forceful  warning — a  clarion  call — that  present 
environmental  trends  cannot  continue  much  longer  because  mankind  is 
on  a  course  of  self-destruction.  One  consultant  specifically  urges  the 
authors  of  Only  One  Earth  not  to  let  the  editorial  staff  reduce  the  btjok 
to  a  mere  recital  of  facts  because  salvation  will  ultimately  depend  on  an 
emotional  awakening. 

The  list  of  conflicting  views  and  recommendations  received  from  our 
consultants  could  be  extended  to  many  pages.  It  constitutes  a  spectrum 
of  expert  opinion  on  environmental  improvements  which  ranges  all  the 
way  from  the  advocacy  of  technological  fixes  to  a  plea  for  new  religious 
attitudes.  At  first  sight,  this  discrepancy  of  opinions  appears  to  constitute 
evidence  for  the  commonly  held  view  that  experts  do  not  agree  on  facts 
and  therefore  are  of  little  help  in  formulating  programs  of  action.  But 
in  reality  experts  rarely  disagree  on  the  validity  of  the  facts  themselves; 
they  differ  only  with  regard  to  the  interpretation  and  use  of  these  facts. 

No  one  doubts,  for  example,  that  ionizing  radiations  increase  muta- 
tion rates,  that  most  mutations  are  deleterious,  and  that  some  damage 
to  human  life  and  to  ecological  systems  is  therefore  likely  to  result  from 
the  increase  in  radiation  level — small  as  it  may  be — that  will  inevitably 
be  caused  by  the  operation  of  large  numbers  of  nuclear  power  plants.  But 
while  all  scientists  agree  on  these  facts,  individually  they  differ  as  to  the 
levels  of  radiation  they  consider  tolerable,  because  this  involves  social 
considerations  based  on  value  judgments.  For  example,  the  biological 
hazards  resulting  from  the  industrial  use  of  nuclear  power  must  be 
balanced  against  the  advantages  to  be  derived  from  the  economic  devel- 
opment made  possible  by  this  power.  Needless  to  say,  similar  arguments 
could  be  developed  for  most  other  technological  innovations. 

The  problem  of  value  judgment  is  further  complicated  by  the  fact 
that,  in  addition  to  the  initial  effects  of  technological  interventions,  there 
commonly  occur  indirect  and  delayed  consequences  which  are  difficult 
to  predict  and  to  evaluate.  DDT  causes  little  if  any  direct  and  immediate 
damage  to  man  when  used  under  reasonably  controlled  conditions.  Its 
toxicity  for  the  large  ecosystems  of  nature,  and  eventually  for  man 
himself,  becomes  evident  only  after  prolonged  periods  of  usage  which 
result  in  its  progressive  accumulation  in  the  food  chains.  Technological 
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interventions  must  therefore  be  judged  not  only  from  the  point  of  view 
of  their  effects  in  the  here  and  now,  but  also  with  regard  to  the  possibility 
that  they  will  affect  man,  or  his  environment,  or  both  at  some  later  date. 
The  U.N.  Conference  on  the  Human  Environment  could  serve  the  very 
useful  purpose  of  highlighting  the  need  to  focus  social  and  scientific 
attention  on  the  indirect  and  often  unpredictable  delayed  responses  made 
by  complex  ecosystems  to  social  and  technological  innovations. 

Since  policies  concerning  the  human  environment  require  both  social 
judgment  and  specialized  scientific  knowledge,  perceptive  and  informed 
laymen  can  often  contribute  as  much  as  technical  experts  to  their  formu- 
lation. In  certain  cases,  indeed,  laymen  may  be  wiser  judges  than  experts 
because  their  overall  view  of  the  complexity  of  human  and  environmen- 
tal problems  is  not  distorted  by  the  parochialism  which  commonly  re- 
sults from  technical  specialization. 

The  diversity  of  views  held  by  experts,  even  within  a  given  social 
system  and  a  given  nation,  points  to  the  nature  of  the  difficulties  that  will 
certainly  face  the  delegates  at  the  U.N.  Conference  on  the  Human  Envi- 
ronment. In  most  cases,  the  difficulties  will  originate  not  from  uncertain- 
ties about  scientific  facts,  but  from  differences  in  attitudes  toward  social 
values. 

The  establishment  of  a  desirable  human  environment  implies  more 
than  the  maintenance  of  ecological  equilibrium,  the  economical  manage- 
ment of  natural  resources,  and  the  control  of  the  forces  that  threaten 
biological  and  mental  health.  Ideally  it  requires  also  that  social  groups 
and  individuals  be  provided  with  the  opportunity  to  develop  ways  of  life 
and  surroundings  of  their  own  choice.  Man  not  only  survives  and  func- 
tions in  his  environment,  he  shapes  it  and  he  is  shaped  by  it.  As  a  result 
of  this  constant  feedback  between  man  and  environment,  both  acquire 
distinctive  characteristics  which  develop  within  the  laws  of  nature,  yet 
transcend  the  blind  determinism  of  natural  phenomena.  The  exciting 
richness  of  the  human  environment  results  not  only  from  the  immense 
diversity  of  genetic  constitution  and  of  natural  phenomena  but  also  and 
perhaps  even  more  from  the  endless  interplay  between  natural  forces  and 
human  will. 

Ambassador  Adlai  Stevenson  clearly  had  in  mind  the  overpowering 
influence  of  man's  role  in  determining  the  quality  of  the  environment  and 
therefore  of  human  life  when,  in  his  last  speech  before  the  Economic  and 
Social  Council  in  Geneva  on  July  9,  1965,  he  referred  to  the  earth  as  a 
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little  spaceship  on  which  we  travel  together,  "dependent  on  its  vulnerable 
supplies  of  air  and  soil."  We  are  indeed  travelers  bound  to  the  earth's 
crust,  drawing  life  from  the  air  and  water  of  its  thin  and  fragile  envelope, 
using  and  reusing  its  very  limited  supply  of  natural  resources.  Now  that 
all  habitable  parts  of  the  globe  are  occupied,  the  careful  husbandry  of  the 
earth  is  a  sine  qua  non  for  the  survival  of  the  human  species,  and  for  the 
~  creation  of  decent  ways  of  life  for  all  the  people  of  the  world.  The 
fundamental  task  of  the  U.N.  Conference  on  the  Human  Environment 
is  to  formulate  the  problems  inherent  in  the  limitations  of  the  spaceship 
earth  and  to  devise  patterns  of  collective  behavior  compatible  with  t-he 
continued  flowering  of  civihzations. 

It  is  deliberately  that,  in  the  last  paragraph,  we  have  used  the  word 
civilizations  in  the  plural.  Just  as  individual  human  beings  differ  in  their 
life  and  aspirations,  so  do  social  groups.  This  is  obvious  from  the  wide 
range  of  views — often  so  far  apart  as  to  seem  incompatible — expressed 
by  the  consultants  to  the  Report  on  the  World  Environment.  But  far 
from  being  a  reason  to  despair,  this  divergence  of  views  is  in  fact  the 
expression  of  one  of  the  most  appealing  aspects  of  the  human  species — 
its  diversity.  There  are  possibilities  within  the  human  environment  for 
many  different  kinds  of  surroundings  and  ways  of  life. 

While  collaborating  with  a  large  international  group  in  the  prepara- 
tion of  Only  One  Earth,  one  of  us  (Rene  Dubos)  was  simultaneously 
working  on  another  book  in  which  he  emphasizes  the  importance  of 
developing  the  distinctive  genius  of  each  place,  each  social  group,  and 
each  person — in  other  words  of  cultivating  individuality.  These  two 
endeavors  are  not  incompatible;  in  fact,  they  correspond  to  two  comple- 
mentary attitudes.  The  emotional  attachment  to  our  prized  diversity 
need  not  interfere  with  our  attempts  to  develop  the  global  state  of  mind 
which  will  generate  a  rational  loyalty  to  the  planet  as  a  whole.  As  we 
enter  the  global  phase  of  human  evolution  it  becomes  obvious  that  each 
man  has  two  countries,  his  own  and  the  planet  Earth. 
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COMMITTEE  OF 

CORRESPONDING 

CONSULTANTS 


The  following  individuals  agreed  to  serve  as  consultants  and  were  invited  to  offer 
their  criticisms  and  comments  on  an  early  draft  of  Only  One  Earth.  The  appearance  of  their 
names  here,  in  grateful  appreciation  of  their  constructive  help,  does  not  constitute  an 
endorsement  of  the  book. 

Acronyms  for  international  organizations  used  in  identifying  the  consultants: 

ACAST       Advisory  Council  on  the  Application  of  Science  and  Technology 

CERN         European  Center  for  Nuclear  Research 

CIAP  Inter-American  Committee  of  the  Alliance  for  Progress 

ICSU  International  Council  of  Scientific  Unions 

ISSC  International  Social  Sciences  Council 

lUCN  International  Union  for  the  Conservation  of  Nature 

OECD         Organization  for  Economic  Cooperation  and  Development 

SCOPE       Scientific  Committee  on  Problems  of  the  Environment 

SID  Society  for  International  Development 

UNCTAD  United  Nations  Conference  on  Trade  and  Development 

UNESCO    United  Nations  Educational,  Scientific  and  Cultural  Organization 

Rufus  O.  Adegboye,  Department  of  Agricultural  Economics  and  Extension,  University  of 

Ibadan;  member  of  Council,  SID.  Nigeria 
Malcolm  S.  Adiseshiah,  Director,  Madras  Institute  of  Development  Studies;  former  Depu- 
ty-Director General,  UNESCO.  India 
Anwar  Aljmed  Aleem,  Institute  of  Marine  Biology  and  Oceanography,  Fourah  Bay  Col- 
lege, University  of  Sierra  Leone.  Egypt 
Ismail  A.l-Azzawi,  Director,  Agricultural  Technical  Institute,  Baghdad.  Iraq 
Fouad  Ammoun,  International  Court  of  Justice,  The  Hague.  Lebanon 
Serge  Antoine,  Secretary-General,  High  Committee  on  the  Environment,  Paris.  France 
J.  A.  Armstrong,  President,  Imperial  Oil  Ltd.,  Toronto.  Canada 
Edgard  Julius  Barbosa  Arp,  President,  Grupo  Industrial  Arp,  Rio  de  Janeiro.  Brazil 
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Sir  Eric  Ashby,  Master  of  Clare  College,  Cambridge;  Chairman,  Royal  Commission  on 
Environmental  Pollution.   United  Kingdom 

Pierre  Victor  Auger,  Director,  Laboratory  of  Space  Physics;  formerly  Director-General, 
European  Space  Research  Organization;  member,  ACAST.  France 

Jean  G.  Baer,  biologist;  Institute  of  Zoology,  University  of  Neuchatel.  Switzerland 

Moises   Behar,    Director,   Institute   of  Nutrition   for  Central   America   and   Panama,' 
Guatemala  City.  Guatemala 

Daniel  Bell,  Professor  of  Sociology,  Harvard  University.  United  States 

Fredrik  Berglund,  medical  scientist,  National  Institute  of  Public  Health,  Stockholm.  Swe- 
den 

Carl  Gustav  Bernhard,  President,  Royal  Academy  of  Sciences,  Stockholm.  Sweden 

Edouard  Bonnefous,  President,  French  Committee,  European  League  for  Economic  Coop- 
eration; President,  Academy  of  Moral  and  Political  Sciences.  France 

Fran<;ois  Bourliere,  biologist;  Professor  of  Gerontology,  University  of  Paris;  President, 
Special  Committee  for  the  International  Biological  Program,  ICSU.  France 

Harrison  Brown,  Foreign  Secretary,  National  Academy  of  Sciences;  Professor  of  Geo- 
chemistry, California  Institute  of  Technology.  United  States 

Silviu  Brucan,  Professor  of  Sociology,  University  of  Bucharest;  former  Ambassador  to  the 
United  Nations  and  the  United  States;  member,  Pacem  in  Maribus.  Romania 

M.  F.  Morzer  Bruyns,  Professor  of  Applied  Ecology,  Nature  Conservation  Department, 
Agricultural  University,  Wageningen;  Vice  President,  lUCN.  Netherlands 

Colin  Douglas  Buchanan,  Professor  of  Transport,  Imperial  College,  London;  formerly 
Urban  Planning  Adviser,  Ministry  of  Transport.  United  Kingdom 

Sir  Macfarlane  Burnet,  immunologist;  Professor  Emeritus,  University  of  Melbourne;  Past 
President,  Australian  Academy  of  Science;  Nobel  Laureate.  Australia 

Louis  Camu,  Chairman,  Bank  of  Brussels.  Belgium 

Franco  A.  Casadio,  Chairman,  Executive  Committee,  World  Federation  of  United  Nations 
Associations,  Rome.  Italy 

Carlos  Chagas,  Director,  Institute  of  Biophysics,  Federal  University  of  Rio  de  Janeiro; 
member  and  former  Chairman,  ACAST.  Brazil 

Wilbert  K.  Chagula,  Minister  for  Water  Development  and  Power,  Dar-es-Salaam;  mem- 
ber, ACAST.  Tanzania 

D.  A.  Chant,  Chairman,  Department  of  Zoology,  University  of  Toronto.  Canada 

Pradisth  Cheosakul,  Secretary-General,  National  Research  Council,  Bangkok.  Thailand 

LaMont  C.  Cole,  Professor  of  Ecology,  Division  of  Biological  Sciences,  Cornell  University. 
United  States 

Barry  Commoner,  Director,  Center  for  the  Biology  of  Natural  Systems,  Washington 
University,  St.  Louis.  United  States 

Gamani  Corea,  Deputy  Governor,  Central  Bank  of  Ceylon,  Colombo.  Ceylon 

Pierre  Dansereau,  Scientific  Director,  Research  Center  in  World  Ecology,  Montreal;  Vice 
President,  International  Biological  Program.  Canada 

J.  C.  de  Graft-Johnson,  Lecturer  in  Sociology,  University  of  Ghana;  Honorary  Secretary, 
Ghana  Academy  of  Arts  and  Sciences,  Accra.  Ghana 

Francesco  di  Castri,  Director,  Institute  of  Ecology.  Austral  University  of  Chile,  Valdivia; 
Vice  Chairman,  SCOPE.  Chile 

Constantinos  A.  Doxiadis,  architect;  Doxiadis  Associates  International,  Consultants  on 
Development  and  Ekistics,  Athens.  Greece 

P.  Duvigneaud,  Professor  of  Botanical  Sciences,  University  of  Brussels.  Belgium 

Rolf  Edberg,  journalist  and  diplomat;  Governor,  Province  of  Varmland,  Karlstad.  Sweden 


892 


Laila  Shukry  El  Hamamsy,  Professor  of  Anthropology;  Director,  Social  Research  Center, 
The  American  University,  Cairo.  Egypt 

Fujio  Egami,  President,  Science  Council  of  Japan;  Professor  of  Biochemistry,  University 
of  Tokyo.  Japan 

Arne  Engstrom,  Professor,  Department  of  Medical  Physics,  Karolinska  Institute,  Stock- 
holm. Sweden 

Donald  S.  Farner,  Professor  of  Zoophysiology;  Chairman,  Department  of  Zoology,  Uni- 
versity of  Washington,  Seattle;  Executive  Officer,  ICSU;  President,  International 
Union  of  Biological  Sciences;  member,  SCOPE.  United  States 

Frank  John  Fenner,  research  biologist;  Director,  John  Curtin  School  of  Medical  Research, 
The  Australian  National  University,  Canberra.  Australia 

Joseph  L.  Fisher,  President,  Resources  for  the  Future,  Inc.,  Washington,  D.C.  United 
States 

Sir  Otto  Frankel,  geneticist;  formerly  Chief,  Division  of  Plant  Industry,  Commonwealth 
Scientific  and  Industrial  Research  Organization,  Canberra.  Australia 

Sir  Frank  Eraser  Darling,  biologist;  Vice  President,  lUCN;  member.  Royal  Commission 
on  Environmental  Pollution.  United  Kingdom 

Henning  K.  Friis,  economist;  Director,  Danish  National  Institute  of  Social  Research, 
Copenhagen;  member.  Executive  Committee,  ISSC.  Denmark 

Hans-Walter  Georgii,  Institute  for  Meteorology  and  Geophysics,  Johann  Wolfgang 
Goethe  University,  Frankfurt.  Federal  Republic  of  Germany 

I.  P.  Gerasimov,  Director,  Institute  of  Geography,  Soviet  Academy  of  Sciences,  Moscow; 
President,  All  Union  Society  of  Soil  Sciences.  U.S.S.R. 

Walery  Goetel,  Full  Member,  Academy  of  Mining,  Krakow.  Poland 

Jeffrey  Gustavson,  Co-chairman  of  White  House  Conference  on  Youth  and  Environment. 
United  States 

Jermen  M.  Gvishiani,  Deputy  Chairman,  State  Committee  for  Science  and  Technology  of 
the  USSR  Council  of  Ministers;  member,  ACAST.  U.S.S.R. 

Knut  Hagrup,  President,  Scandinavian  Airlines  System,  Stockholm.  Norway 

Philip  Handler,  biochemist;  President,  National  Academy  of  Sciences.  United  States 

Kurt  Hansen,  Chairman  of  the  Board,  Farbenfabriken  Bayer;  Chairman,  Supervisory 
Board,  Agfa-Gevaert;  member.  Supervisory  Board,  Siemens.  Federal  Republic  of 
Germany 

lorge  E.  Hardoy,  Director,  Center  of  Urban  and  Regional  Studies,  Buenos  Aires.  Argentina 

Ilmo  Hela,  Director,  Institute  of  Marine  Research,  Helsinki;  member.  Executive  Board, 
UNESCO.  Finland 

Thor  Heyerdahl,  anthropologist  and  explorer;  Vice  President,  World  Association  of  World 
Federalists.  Norway 

Jonathan  Holliman,  former  President,  International  Youth  Federation  for  Environmental 
Studies;  Staff,  1971  International  Youth  Conference  on  the  Human  Environment. 
United  Kingdom 

W.  David  Hopper,  agricultural  economist;  President,  International  Development  Research 
Centre,  Ottawa.  Canada 

Sidney  Howe,  President,  The  Conservation  Foundation,  Washington,  DC.  United  States 

Enrique  V.  Iglesias,  economist;  member,  Advisory  Group  of  Experts,  CIAP.  Uruguay 

Neil  Iliff,  Deputy  Chairman,  Shell  Chemicals  U.K.  Ltd.,  London;  member.  Royal  Com- 
mission on  Environmental  Pollution.  United  Kingdom 

M.  Kassas,  Professor  of  Botany,  University  of  Cairo,  Giza.  Egypt 

Ichiro  Kato,  educator,  lawyer;  President,  University  of  Tokyo;  Chairman,  National  Uni- 
versity Association.  Japan 
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J.  Kenny,  Professor  of  Biological  Sciences,  The  University  of  the  West  Indies,  St.  Augus- 
tine. Trinidad 

Alexander  Keynan,  Professor  of  Microbiology;  Chairman,  Institute  for  Life  Sciences;  Vice 
President,  Hebrew  University,  Jerusalem;  member,  ACAST.  Israel 

Tatuo  Kira,  Professor  of  Biology  (plant  ecology)  and  Dean,  Faculty  of  Science,  Osaka  City 
University;  member,  SCOPE.  Japan 

Antonie  Knoppers,  Chairman,  U.S.  Council,  International  Chamber  of  Commerce;  Presi- 
dent, Merck  and  Company,  Inc.  United  States 

V.  A.  Kovda,  Professor  of  Soil  Science,  Moscow  University;  member.  Executive  Board, 
lUCN;  former  Assistant  Secretary-General  for  Science,  UNESCO.  U.S.S.R. 

Thorkil  Kristensen,  Director,  Institute  for  Development  Research,  Copenhagen;  former 
Secretary-General,  OECD;  member,  ACAST.  Denmark 

Kwan  Sai  Kheong,  Chairman,  Environmental  Control  Organization;  Permanent  Secre- 
tary, Ministry  of  Education.  Singapore 

T.  A.  Lambo,  Assistant  Director-General,  World  Health  Organization,  Geneva;  former 
Vice  Chancellor,  University  of  Ibadan;  former  member,  ACAST.  Nigeria 

Andre  Legrand,  Chief  Engineer,  La  Cellulose  du  Pin.  France 

Edgar  Lehmann,  Vice  President,  Saxonian  Academy  of  Sciences.  Democratic  Republic  of 
Germany 

Aklilu  Lemma,  Parisitologist;  Stanford  Research  Institute;  former  Dean  of  Science,  Haile 
Selassie  University,  Addis  Ababa.  Ethiopia 

Louis  Leprince-Ringuet,  Laboratory  of  Nuclear  Physics,  College  of  France;  President, 
CERN.  France 

Sir  W.  Arthur  Lewis,  President,  Caribbean  Development  Bank,  Barbados;  former  James 
Madison  Professor  of  Political  Economy,  Princeton  University;  member, 
ACAST.  Barbados 

Konrad  Lorenz,  Director,  Max  Planck  Institute  for  Physiology  of  Behavior,  Seewiesen. 
Federal  Republic  of  Germany 

Sir  Thomas  Lund,  Director-General,  International  Bar  Association.  United  Kingdom 

Bengt  Lundholm,  Ecological  Research  Committee,  Swedish  Natural  Science  Research 
Council,  Stockholm;  member,  SCOPE.  Sn-eden 

Patrick  D.  McTaggart-Cowan,  Executive  Director,  Science  Council  of  Canada,  Ottawa. 
Canada 

Thomas  F.  Malone,  Chairman,  Committee  for  International  Environmental  Programs, 
National  Academy  of  Sciences;  Secretary-General,  SCOPE;  Dean  of  Graduate 
School,  University  of  Connecticut.  United  States 

Ramon  Corona  Martin,  President,  International  Union  of  Architects.  Mexico 

Rutger  Martin-Lof,  Managing  Director,  Fiskeby  Aktiebolag.  Sweden 

V.  Martinov,  Deputy  Director,  Institute  of  World  Economy  and  International  Relations, 
Academy  of  Sciences.  U.S.S.R. 

Ariffin  bin  Ngah  Marzuki,  Director,  National  Family  Planning  Board,  Kuala  Lumpur. 
Malaysia 

Leo  Mates,  Institute  of  International  Politics  and  Economics,  Belgrade.   Yugoslavia 

Jose  Antonio  Mayobre,  Central  Bank  of  Venezuela,  Caracas.  Venezuela 

Margaret  Mead,  social  anthropologist;  American  Museum  of  Natural  History;  President, 
Scientists  Institute  for  Public  Information.  United  States 

Sir  Peter  Brian  Medawar,  biologist;  member.  Scientific  Staff,  Medical  Research  Council, 
Clinical  Research  Centre,  Harrow;  former  Director,  National  Institute  for  Medi- 
cal Research,  London;  Nobel  Laureate.  United  Kingdom 

Florencio  Medina,  Chairman,  National  Science  Development  Board,  Manila.  Philippines 
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Anna  Medwecka-Komas,  Nature  Conservation  Research  Center,  Krakow;  member,  Ex- 
ecutive Board,  lUCN.  Poland 

F.  A.  Mehta,  Director,  Tata  Industries  Ltd.,  Bombay.  India 

Hermann  Meusel,  botanist;  Martin  Luther  University,  Halle.  Democratic  Republic  of 

Germany 
Martin  Meyerson,  urbanologist;  President,  University  of  Pennsylvania.  United  States 

G.  L.  Monekosso,  Director,  University  Center  for  Health  Sciences,  The  Federal  University 

of  Cameroon,  Yaounde.  Cameroun 

Jerome  Monod,  specialist  in  land  management;  Administrator,  National  Company  of  the 
Rhone  Valley.  France 

Giuseppe  Montalenti,  Director,  Institute  of  Genetics,  University  of  Rome;  President, 
Commission  for  the  Protection  of  Nature,  Italian  Research  Council.  Italy 

Lewis  Mumford,  writer  on  urban  planning;  Bemis  Professor  Emeritus,  Massachusetts 
Institute  of  Technology.  United  States 

Karl  Gunnar  Myrdal,  Professor  of  International  Economy,  Institute  for  International 
Economic  Studies,  University  of  Stockholm.  Sweden 

Shigeo  Nagano,  Chairman,  Board  of  Directors,  Nippon  Steel  Corporation,  Tokyo;  Vice 
President,  Tokyo  Chamber  of  Commerce  and  Industry.  Japan 

Imre  V.  Nagy,  Professor  of  Hydraulic  Engineering,  Department  for  Hydrology,  Agricul- 
tui-al  Water  Management,  Water  Supply  and  Sewerage,  Technical  University, 
Budapest.  Hungary 

E.  M.  Nicholson,  Chairman,  Land  Use  Consultants,  London;  Convener,  The  Nature 
Conservancy.  United  Kingdom 

Letitia  E.  Obeng,  Director,  Institute  of  Aquatic  Biology,  Achimota;  Co-manager,  Volta 
Lake  Project.  Ghana 

Thomas  R.  Odhiambo,  Professor  of  Entomology;  Director,  International  Centre  of  Insect 
Physiology  and  Ecology,  Nairobi.  Kenya 

Saburo  Okita,  President,  Japan  Economic  Research  Council,  Tokyo;  member  of  Council, 
SID.  Japan 

Pitamber  Pant,  Planning  Commission,  New  Delhi.  India 

Arvid  Pardo,  Center  for  the  Study  of  Democratic  Institutions,  Santa  Barbara;  former 
Ambassador  of  Malta  to  the  United  Nations;  member,  Pacem  in  Maribus.  Malta 
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Oliverio  Phillips  Michelson,  industrial  consultant,  Bogota;  former  member,  ACAST. 

Colombia 
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land 

Sarwono  R.  Prawirohardjo,  President,  Indonesian  Institute  of  Sciences,  Djakarta;  former 
member.  ACAST.  Indonesia 
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Robert  Reichardt,  Professor  of  Social  Philosophy,  University  of  Vienna;  member.  Execu- 
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Pacem  in  Maribus.  United  States 
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Francisco  M.  Salzano,  Professor  of  Genetics,  Institute  of  Biosciences,  Porto  Alegre.  Brazil 
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Part  One:  The  Planet's  Unity 


1  THE  WORLD  WE  INHERIT 


Man  Makes  Himself 

Man  inhabits  two  worlds.  One  is  the  natural  world  of  plants  and 
animals,  of  soils  and  airs  and  waters  which  preceded  him  by  billions  of 
years  and  of  which  he  is  a  part.  The  other  is  the  world  of  social  institu- 
tions and  artifacts  he  builds  for  himself,  using  his  tools  and  engines,  his 
science  and  his  dreams  to  fashion  an  environment  obedient  to  human 
purpose  and  direction. 

The  search  for  a  better-managed  human  society  is  as  old  as  man 
himself.  It  is  rooted  in  the  nature  of  human  experience.  Men  believe  they 
can  be  happy.  They  experience  comfort,  security,  joyful  participation, 
mental  vigor,  intellectual  discovery,  poetic  insights,  peace  of  soul,  bodily 
rest.  They  seek  to  embody  them  in  their  human  environment. 

But  the  actual  life  of  most  of  mankind  has  been  cramped  with  back- 
breaking  labor,  exposed  to  deadly  or  debilitating  disease,  prey  to  wars 
and  famines,  haunted  by  the  loss  of  children,  filled  with  fear  and  the 
ignorance  that  breeds  more  fear.  At  the  end,  for  everyone,  stands 
dreaded,  unknown  death.  To  long  for  joy,  support,  and  comfort,  to  react 
violently  against  fear  and  anguish  is  quite  dimply  the  human  condition. 

To  some  extent,  these  reactions  can  be  found  in  other  animals.  Birds 
weaving  nests,  beavers  building  dams,  animals  hunting  in  packs  are 
altering,  "improving,"  and  safeguarding  their  lives  and  their  environ- 
ments in  a  purposeful  way.  Man  shares  with  his  animal  forebears  many 
of  the  responses  required  for  dealing  successfully  with  a  natural  world 
that  is  at  once  beneficial  and  destructive.  The  original  brain  was  an 
efficient  receiver  of  sensation  and  director  of  appropriate  emotional  and 
sensory  responses  in  the  rest  of  the  body — running  from  fire,  cowering 
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from  attacking  beasts,  embracing  and  love-making. 

It  is  with  the  final  stage  in  the  brain's  development  that  man,  as  man, 
begins  to  draw  away  from  his  ancestors.  At  some  point,  probably  about 
a  hundred  thousand  years  ago,  the  forebrain  became  enormously  larger 
and  more  complex.  The  skull  of  modern  man  is  three  times  larger  than 
the  so-called  Australopithecine  hominid  who  is  generally  thought  to  be 
man's  immediate  predecessor.  This  change  in  size  and  structure  of  man's 
brain  increases  his  ability  both  to  receive  sensations  and  to  engage  in 
abstraction,  reflection,  forethought,  and  the  rational  choice  of  goals.  To 
serve  abstract  thought  alone,  we  are  told,  the  brain  contains  ten  thousand 
times  more  components  than  the  present  generation  of  most  complex 
computers.  And  the  computer  is  yet  to  be  invented  that  also  smells, 
tastes,  sees,  and  touches,  thus  adding  to  its  capacity  for  abstract  thinking 
all  the  emotionpl  richness  and  complexity  of  a  total  human  response. 

This  extraordinary  development  of  man's  brain  lessens  his  depend- 
ence on  animal  instinct  but  is  at  the  root  of  his  creativity  and  his  destruc- 
tiveness.  He  can  modify,  more  drastically  than  any  bird  or  beaver,  the 
conditions  he  finds  unsuitable.  And,  having  found  his  first  experiment 
unsuccessful,  he  has  far  more  immediate  freedom  to  cast  about  and  try 
something  new.  But  he  can  also  carry  his  experiments  to  disastrous 
points  of  no  return  from  which  instinctive  reactions  might  have  held  him 
back. 

This  freedom  has  its  counterpart.  Some  form  of  order  must  be  im- 
posed on  such  a  range  of  possibility  and  risk.  No  social  unit,  even  one 
as  small  as  the  family,  can  live  on  permanent  change,  innovation,  and 
experiment.  The  instinctive  response  had  to  be  supplemented  by  ele- 
ments of  a  man-made  social  and  physical  design — first  for  self-preserva- 
tion and  then  for  all  the  extra  dimensions  of  meaning — beauty,  safety, 
and  utility — which  man  could  now  conceive  and  therefore,  in  varying 
degrees,  realize.  From  the  start  of  his  existence,  man  has  innovated — in 
social  forms,  in  technical  improvements.  His  condition  is  to  live  aspir- 
ingly  and  uncertainly  where  the  biosphere  of  living  things  and  the  tech- 
nosphere  of  his  inventions  interact. 

But  today,  as  we  enter  the  last  decades  of  the  twentieth  century,  there 
is  a  growing  sense  that  something  fundamental  and  possibly  irrevocable 
is  happening  to  man's  relations  with  both  his  worlds.  In  the  last  two 
hundred  years,  and  with  staggering  acceleration  in  the  last  twenty-five, 
the  power,  extent,  and  depth  of  man's  interventions  in  the  natural  order 
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seem  to  presage  a  revolutionary  new  epoch  in  human  history,  perhaps 
the  most  revolutionary  the  mind  can  conceive.  Men  seem,  on  a  planetary 
scale,  to  be  substituting  the  controlled  for  the  uncontrolled,  the  fab- 
ricated for  the  unworked,  the  planned  for  the  random.  And  they  are 
doing  so  with  a  speed  and  depth  of  intervention  unknown  in  any  previous 
age  of  human  history. 

The  Beginnings  of  Innovation 

Scale  and  speed  are  the  keys  to  this  revolution.  If  we  look  back  over 
the  pattern  of  man's  millennial  history,  we  can  detect  from  man's  earliest 
beginnings  an  underlying  acceleration  in  both  the  variety  of  his  interven- 
tions and  the  pace  at  which  they  succeed  each  other.  This  is  not  an  order 
of  "progress"  in  the  optimistic  sense  of  the  eighteenth  and  nineteenth 
centuries.  Good  and  bad  are  distributed  all  along  the  way.  Some  of  the 
most  fruitful  inventions  long  precede  other  less  fortunate  ones.  But  it 
is  a  progression  in  the  whole  scale  of  man's  ability  to  change  his  environ- 
ment for  both  good  and  ill. 

His  first  invention  may  be  his  greatest.  It  is  language  itself,  the  ability 
to  communicate  with  other  human  beings  through  the  symbols  of  speech, 
through  words  which  are  sounds  to  which  agreed  meanings  have  been 
attached.  They  made  possible  the  organized  activities  of  groups  and 
clans.  They  underlay  common  strategies  for  the  chase  and  the  snare. 
They  were  at  the  beginnings  of  incantation  and  ritual,  of  poetry  and  the 
telling  of  tales.  For  tens  of  thousands  of  years,  language  has  been  man's 
most  useful  tool. 

At  some  more  recent  date,  a  new  and  formidable  intervention  begins 
— the  use  of  nonhuman  energy  to  enhance  human  activity.  In  very  early 
times,  man  learned  to  use  animals  to  help  him  perform  his  work.  But 
with  the  use  of  fire  he  begins  his  experiments  with  the  earth's  vast  sources 
of  nonanimal  energy. 

He  is  the  first  creature  not  to  flee  from  fire.  Perhaps  he  first  used  it 
in  the  hunt  to  frighten  animals  into  the  open.  Perhaps  one  day,  in  hunger, 
he  tasted  a  burnt  animal  that  had  not  fled  in  time.  Cooking  began  round 
the  caqipfires,  and  the  fire  which  had  been  tamed  from  raging  energy  in 
the  dark  forests  and  dry  grasses  would  become  in  time  the  symbol  of  the 
hearth  and  the  center  of  household  use  and  comfort. 

Fire,  too,  played  its  part  in  early  man's  greatest  technical  innovation 
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— the  invention  of  settled  agriculture.  To  this  day  in  many  subsistence 
economies,  the  basic  farming  technique  is  "slash  and  burn."  The  ash 
from  burning  trees  enhances  the  soil.  When  fertility  is  used  up  and  crops 
begin  to  decline,  the  clan  moves  to  another  part  of  the  forest;  trees  grow 
again  and  their  leaves  eventually  form  new  humus  in  the  resting  soil.  This 
was  one  of  the  techniques  by  which  some  ten  thousand  years  ago,  in 
various  parts  of  the  planet,  men  learned  to  imitate  nature's  cycles  of 
growth  and  thus  began  to  free  themselves  from  their  millennial  depend- 
ence upon  hunting  and  food  gathering. 

It  was,  in  fact,  a  period  of  incomparable  inventiveness.  Tools  which, 
in  the  shape  of  sticks  for  shoving  and  picking  or  of  rocks  for  weapons, 
man  derives  from  his  animal  forebears  were  now  refined  by  chipping  or 
fashioning  into  the  knives  and  axes  and  hoes  of  the  Stone  Age.  Houses 
were  built.  Cloth  and  containers  came  from  the  newly  invented  loom  and 
the  potter's  wheel.  Brewing  began.  Cooking  grew  more  varied  and  ven- 
turesome; the  hearth  warmed  the  house  in  colder  climates. 

Fire  took  men,  too,  beyond  purely  agricultural  and  domestic  uses  by 
making  possible  the  metal  ages.  Once  again,  the  chance  sight  of  a  surface 
metal  melting  in  a  charcoal  fire  may  have  first  pointed  the  way  to 
malleable  metal  for  human  use.  Man  could  cease  chipping  and  grinding 
stone  and  move  to  the  smelting  of  metals.  The  Bronze  Age  and  then  the 
Iron  Age  followed  the  Stone  Age.  The  relative  durability  of  the  new 
materials  multiplied  their  uses.  Every  kind  of  implement  became  more 
sophisticated  and  versatile.  So  did  decoration  and  embellishment.  The 
instruments  of  the  chase  acquired  new  effectiveness.  So  did  the  weapons 
of  war,  the  iron  sword  cleaving  the  bronze  shield.  And  here,  at  a  very 
early  stage  in  man's  use  of  nonhuman  energy  in  developing  technology, 
we  encounter  a  strange  and  archetypal  warning. 

Fire  helped  to  clear  the  forests  and  fertilize  the  fields.  Fire  smelted 
the  metals.  Fire  warmed  the  hearths.  Its  use,  helping  to  provide  a  surplus 
above  mere  subsistence,  prepared  the  ground  for  the  first  large-scale 
experiments  in  organized  civilization — in  the  Middle  East,  in  North 
India,  in  China.  Yet  in  one  of  the  earliest  Western  mythologies  fire  is  not 
a  beneficent  gift.  It  is  stolen  from  the  gods  and  Prometheus,  the  thief, 
is  chained  to  the  bare  rock  with  a  vulture  at  his  vitals  to  avenge  the 
blasphemous  act.  With  this  new  power  and  ability  to  shape  his  environ- 
ment, man  is  seen  in  Greek  mythology  to  be  playing  a  godlike  part, 
creator,  innovator,  remaker  of  his  world  and  of  himself  This  is  his 
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dignity  and  freedom.  But  it  is  potentially  the  way  to  overweening  pride 
and  to  an  arrogance  readily  spilling  over  into  the  risk  of  destruction. 

The  Early  Civilizations 

The  scale  and  pace  of  man's  interventions  increased  further  with  each 
development  and  elaboration  of  civilized  life.  Early  civilizations  were 
based  with  few  exceptions  on  river  valleys  whose  waters  were  managed 
so  as  to  bring  reliable  water  supplies  to  the  farms  (still  a  major  preoccu- 
pation in  river-valley  management).  These  vast  river  systems — on  the 
Nile,  the  Euphrates,  the  Indus,  and  the  Yellow  River — required  com- 
plicated administration  and  engineering  to  ensure  their  successful  work- 
ing. Bureaucracies  grew  up,  vocations  became  more  differentiated,  a 
written  language  was  needed  since  face-to-face  consultation  could  no 
longer  take  place  over  such  wide  domains  (many  of  the  earliest  written 
documents  are  inventories  of  palace  and  temple  stores).  Money  was 
developed  to  take  trade  beyond  the  stage  of  village  barter.  Commerce 
opened  the  land  routes  and  sea  routes  between  Asia  and  the  Middle  East. 
Cities  grew  up  round  court  and  temple.  Bureaucrats,  traders,  artisans 
moved  to  the  centers  of  power.  Above  all,  the  management  of  waters 
required  reliable  measurements  of  land  and  flood  and  exact  knowledge 
of  times  and  seasons.  Mathematics  and  astronomy  were  born  among  the 
Chaldeans  and  the  Egyptians  and  later  gave  birth  to  the  Greek  vision  of 
universal  law  which  would  embrace  ultimate  reality. 

By  the  time  the  Han  dynasty  had  come  to  power  in  China,  and  Rome 
had  begun  to  assert  its  imperial  control  in  the  Mediterranean  some  2100 
years  ago,  civilized  societies  commanded  most  of  the  instruments  of 
organization  and  technology  that  were  to  last  man  through  another 
thousand  years.  They  had  alphabets  and  mathematical  measures.  They 
could  use  fire  and  water  and  winds  and  tides  to  supplement  animal 
energy.  They  had  learned  to  use  a  whole  range  of  metals.  They  had 
elaborated  on  all  the  domestic  and  agricultural  arts  of  neolithic  man. 
They  had  cities  and  bureaucracies.  They  had  coins  and  trade.  This  was 
the  technological  heritage  upon  which  human  society  was  to  be  very 
largely  based  for  more  than  another  millennium.  Napoleon's  land  armies 
went  no  faster  than  Hannibal's.  Charcoal  still  smelted  iron  ore  until  the 
eighteenth  century.  Water  wheels  powered  the  first  factories.  The  Arabs 
knew  as  much  mathematics  as  Galileo. 


95-852  0-73-57 


902 


But  in  the  seventeenth  century  the  tempo  begins  once  again  to 
quicken.  For  a  couple  of  hundred  years,  every  index  of  growth — popula- 
tion, energy,  use  of  food  supplies,  minerals  consumed,  people  leaving  the 
countryside  and  clustering  in  the  cities — begins  to  mount.  Many  of  the 
estimates  are  still  guesses,  but  for  population  trends,  use  of  energy,  and 
increase  in  urbanization,  they  are  probably  not  too  far  off  the  mark. 


The  Hinge  of  History 

Then,  in  the  twentieth  century,  as  the  accompanying  charts  illustrate, 
every  index  takes  off  for  the  stratosphere.  Energy  use,  the  consumption 
of  foodstuffs  and  raw  materials,  urbanization,  above  all,  population — 
every  one  of  them  seems  to  spring  off  the  end  of  the  graphs.  Here,  clearly, 
we  confront  one  of  those  increases  and  accelerations  in  which  quantitive 
changes  are  so  great  that  they  constitute  a  qualitative  change.  The  whole 
human  way  of  life  is,  as  it  were,  pulling  at  its  anchors  in  nature  and  in 
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history  and  straining  to  set  sail.  Or  should  we  rather  say  that  it  is 
gathering  energy  on  its  launching  pad  to  take  off,  rockeliike,  into  regions 
as  relatively  uncharted  as  the  surface  of  Mars? 

At  the  core  of  the  new  situation  is  the  interaction  of  increasing 
numbers  of  people,  all  using  or  seeking  to  make  use  of  more  energy  and 
more  materials,  all  tending  to  draw  together  in  closer  proximity  in  urban 
regions,  all  concentrating  to  a  wholly  new  degree  the  by-products  of  their 
activities — their  demands  and  consumption,  their  movements  and  noise, 
their  wastes  and  effluents.  The  graphs  give  us  some  idea  of  the  dimen- 
sions. World  population  edged  up  from  the  levels  made  possible  by 
neohthic  agriculture  to  perhaps  400  million  by  the  fall  of  Rome.  Over 
a  thousand  years  later,  about  a.d.  1600  it  reached  the  first  billion.  There- 
after the  acceleration  begins  as  a  result  of  rising  production  in  farms  and 
factories  as  the  Industrial  Revolution  gathered  momentum  and  was 
followed  by  a  steady  fall  in  the  death  rate,  particularly  in  infant  mortal- 
ity. The  second  billion  arrives  after  only  three  hundred  years,  in  1900. 
The  third  took  only  fifty  years.  We  are  well  on  our  way  to  the  fourth  in 
only  thirty  years — by  1980. 

This  rate  of  growth  of  population  in  the  twentieth  century  has  been 
accompanied  by  the  settlement  of  virtually  all  the  naturally  inhabitable 
parts  of  the  globe  and  an  increase  of  more  than  a  billion  people  in  urban 
settlements  of  over  20,000  inhabitants,  by  a  quadrupling  of  energy  con- 
sumption, and  a  virtually  uncountable  increase  in  the  consumption  of 
depletable  resources.  Today  it  has  been  estimated  that,  on  the  average, 
a  citizen  in  the  world's  wealthiest  country — the  United  States — carries 
eleven  tons  of  steel  around  with  him  in  cars  and  household  equipment 
and  produces  each  year  one  ton  of  waste  of  all  sorts.  Even  these  brief 
indications  are  enough  to  show  that  the  impact  of  man  and  his  tech- 
nology on  his  natural  environment  and  resources  is  already  radically 
different  from  anything  yet  experienced  in  human  history. 

But  this  is  only  the  beginning.  If  we  extend  our  predictions  only 
another  thirty  years,  we  have  a  likely  world  population  of  seven  billion 
people.  Urban  inhabitants,  at  nearly  three  and  a  half  billion,  will  outstrip 
rural  people  for  the  first  time.  Energy  use  will  be  thirty  times  greater  than 
in  1900  and  may  have  quadrupled  since  1970.  This,  however,  is  simply 
an  extrapolation  from  existing  levels  of  use.  But  the  two-thirds  of  the 
world's  people  who  live  in  developing  lands  consume  nearly  eight  times 
less  energy  per  capita  than  do  citizens  in  richer  lands.  Can  we  be  sure 
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that  their  demands  may  not  undergo  as  startling  an  expansion?  Is  it 
conceivable  that  the  next  century  may  begin  with  seven  billion  people 
commanding,  say  at  least  half  the  energy  use,  food  and  metal  consump- 
tion, and  output  of  effluents  reached  today  in  the  United  States? 

Before  we  dismiss  the  idea  as  a  fantasy,  it  is  well  to  reflect  for  a 
moment  upon  one  fundamental  factor  in  the  energy-consumption  equa- 
tion. It  is  a  fairly  general  characteristic  of  human  nature  that  men  seek 
to  avoid  backbreaking  and  monotonous  work,  that  they  like  comfort,  are 
fascinated  by  personal  possessions,  and  enjoy  having  a  good  time.  The 
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proof  of  this  basic  psychological  bias  can  be  seen  in  the  behavior  of  any 
wealthy  group  ever  since  neolithic  man  began,  through  settled  agricul- 
ture, to  build  up  a  surplus  of  goods  above  the  level  of  tribal  subsistence. 
That  this  bias  can  carry  with  it  high  costs  in  terms  of  boredom  and 
triviality  is  not  in  doubt.  But  the  point  is  that  making  three-quarters  of 
the  population  affluent,  as  opposed  to  the  traditional  i  per  cent,  will  not 
make  them  less  likely  to  want  the  things  wealthy  people  normally  want 
— very  little  menial  work,  a  profusion  of  goods,  and  lots  of  chances  for 
entertainment. 

The  reason  why  the  modern  age  has  seen,  in  a  number  of  countries, 
an  extension  of  wealth  from  a  traditional  elite  to  a  much  larger  number 
of  citizens  is  in  part  political.  It  stems  from  the  emergence  of  equality 
as  a  general  ideal — even  if  it  is  still  fairly  far  from  an  achieved  practice. 
But  wider  prosperity  is  due  much  more  to  the  extensions  of  technology; 
above  all,  to  the  enormous  increase  in  supplies  of  energy.  Energy  is  at 
the  root  of  the  productivity,  of  the  ability  to  make  "more  for  less"  that 
offers  most  citizens  in  a  modernized  society  an  inconceivably  enlarged 
range  of  material  choice. 

One  way  of  looking  at  this  large  expansion  in  personal  opportunity 
has  been  suggested  by  Buckminster  Fuller,  who,  thirty  years  ago,  made 
an  estimate  of  the  amount  of  muscular  energy  needed  to  produce  the  then 
available  supplies  of  power  and  suggested  that  each  American  had  the 
equivalent  of  153  slaves  working  for  him.  Today,  the  figure  would  proba- 
bly be  nearer  400  slaves  and  they  do  what  slaves  traditionally  did — 
lighten  domestic  work,  cook  food,  carry  people  about,  rush  in  with  fans 
and  heaters,  deliver  clothes,  finery,  and  ornaments  which  they  have. 
produced  in  the  first  place,  play  continous  music  (loudly  or  softly  accord- 
ing to  command),  and  remove  garbage  from  the  immediate  vicinity.  They 
are  no  longer  men.  They  are  powered  machines.  It  is  the  space  they  take 
up,  the  power  they  use  up,  the  wastes  they  give  up  that  is  at  the  core  of 
some  of  the  most  pressing  short-term  problems  in  the  human  environ- 
ment— the  problems  of  pollution.  But  they  are  there  because  the  mass 
of  people  want  their  "energy  slaves"  and  find  the  experience  of  personal 
wealth  an  agreeable  one. 

We  do  not  know  whether  those  who  now  enjoy  these  standards  will 
want  ever  higher  ones — a  move,  say,  from  four  hundred  to  a  thousand 
energy  slaves  over  the  next  twenty  years — although  the  past  behavior  of 
rich  groups  does  not  suggest  that  appetite  grows  less  with  eating.  We 
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cannot  be  certain  whether  societies  which  have  modernized  their  econo- 
mies by  the  route  of  pubhc  ownership  and  central  planning  will  undergo 
V  uite  the  same  pressures  for  increasing  personal  ease  and  consumption 
as  do  market  economies — although  socialist  governments  undoubtedly 
include  a  steadily  rising  standard  of  living  among  their  national  objec- 
tives. Similarly,  we  cannot  be  absolutely  certain  that  the  modernizing 
"South"  of  our  planet  will  pursue  so  strenuously  the  goal  of  personal 
wealth — although  in  many  societies  the  attitude  of  the  elite  hardly  sug- 
gests a  total  rejection  of  the  high-consumption  model. 

What  is  certain  is  that  our  sudden,  vast  accelerations — in  numbers, 
in  the  use  of  energy  and  new  materials,  in  urbanization,  in  consumptive 
ideals,  in  consequent  pollution — have  set  technological  man  on  a  course 
which  could  alter  dangerously  and  perhaps  irreversibly,  the  natural  sys- 
tems of  his  planet  upon  which  his  biological  survival  depends.  Today 
when  only  a  third  of  humanity  has  entered  the  technological  age,  the 
pressures  are  already  apparent.  Rivers  have  caught  fire  and  burned  their 
bridges.  Lakes  and  inland  seas — the  Baltic,  the  Mediterranean — are  un- 
der threat  from  untreated  wastes,  many  of  which  can  feed  bacteria  and 
algae;  these  in  turn  exhaust  the  water's  oxygen  and  threaten  other  forms 
of  marine  life.  The  burning  of  fossil  fuels  is  increasing,  with  unforeseeable 
consequences  for  the  earth's  climates  and  atmosphere.  Dust  and  particles 
in  the  atmosphere  may  also  alter  the  earth's  temperature  in  unpredicta- 
ble ways.  Even  the  vast  oceans,  covering  70  per  cent  of  the  globe  and 
providing  an  apparently  inexhaustible  reserve  of  moisture,  an  endless 
dump  for  wastes,  and  a  perpetual  source  of  freshening  winds  and  cur- 
rents, are  far  more  vulnerable  to  man's  polluting  activities  than  had  been 
assumed.  Run  off  into  them  too  many  poisons,  insecticides,  and  fertiliz- 
ers, void  too  many  oil  bilges,  choke  too  many  of  the  estuarine  waters 
where  the  fish  spawn  and  multiply,  and  even  the  oceans  may  cease  to 
serve  man's  purposes  as  effortlessly  and  reliably  as  he  now  seems  to 
suppose. 

And  all  these  risks  are  appearing  on  the  human  horizon  with  a  world 
population  of  less  than  four  billion,  at  least  half  of  whom  have  hardly 
raised  their  claims  on  the  planet  above  those  of  neolithic  man.  But 
suppose  seven  billion  try  to  live  like  Europeans  or  Japanese?  Suppose 
they  seek  American  standards  of  automobile  use  and  add  the  emission 
of  three  and  a  half  billion  cars  to  the  carbon  monoxide  in  the  air  and  the 
lungs?  Suppose  three-quarters  of  them  move  to  the  cities,  seeking  there 
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the  developed  world's  levels  of  energy  use  and  materials  consumption? 
There  is  no  way  in  which  such  equations  can  be  worked  out.  But  in  that 
case,  what  "gives"  on  the  collision  course?  Numbers?  Yes — but  whose? 
Consumption?  Yes — but  where?  Urban  amenities?  Yes — but  in  which 
lands?  Energy  slaves?  Yes — but  not  mine.  Or  does  the  planet  itself,  with 
its  precious,  irreplaceable,  and  finite  resources  of  air  and  water  and  soil, 
come  under  increasing  and  even  irreversible  pressure? 

In  short,  the  two  worlds  of  man — the  biosphere  of  his  inheritance, 
the  technosphere  of  his  creation — are  out  of  balance,  indeed  potentially 
in  deep  conflict.  And  man  is  in  the  middle.  This  is  the  hinge  of  history 
at  which  we  stand,  the  door  of  the  future  opening  on  to  a  crisis  more 
sudden,  more  global,  more  inescapable,  and  more  bewildering  than  any 
ever  encountered  by  the  human  species  and  one  which  will  take  decisive 
shape  within  the  life  span  of  children  who  are  already  bom. 
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2  AN  UNINTENDED  ORDER 


The  New  Knowledge 

What  brought  mankind  to  this  threshold?  In  one  sense,  the  forces  at 
work  are  as  old  as  human  society — the  search  for  usable  knowledge,  the 
need  for  production  and  exchange,  the  organizing  power  of  the  social 
community.  Early  clans  experimented  with  pits  and  snares,  captured  and 
shared  the  game,  and  followed  the  leadership  of  the  hunting  chief.  These 
three  factors — knowledge,  economics,  political  power — became  more 
interrelated,  powerful,  and  self-reinforcing  with  each  advance  in  tech- 
nology and  organization.  What  happened  after  the  sixteenth  century  is 
that  an  unprecedented  change  in  the  scale  of  human  activity  and  in  the 
interactions  between  knowledge,  economics,  and  power  produced  results 
which  no  one  foresaw  and  no  one  intended. 

Take  first  the  question  of  knowledge.  By  the  seventeenth  century  an 
immense  corpus  of  exact  and  useful  knowledge,  based  upon  millennia  of 
observation  and  practice,  already  existed  in  human  society.  In  India  and 
China,  in  particular,  the  technical  skills  needed  for  the  production  of 
textiles,  pottery,  porcelain,  and  metal  goods  were  so  far  ahead  of  Euro- 
pe's that  the  first  aim  of  European  merchants  since  the  fourteenth  cen- 
tury had  been  to  break  the  monopoly  of  Arab  merchants  and  middlemen 
and  trade  directly  with  the  fabled  Indies  and  far  Cathay. 

The  sudden  surge  in  knowledge  in  Western  Europe  after  the  sixteenth 
century  cannot  therefore  be  explained  by  an  already  established  techno- 
logical pre-eminence — although  medieval  innovations  had  been  consid- 
erable. It  was  above  all  a  change  of  approach  and  method.  This 
development  had  three  fundamental  elements.  The  first  was  a  wholly 
new  emphasis  on  useful  knowledge — what  Francis  Bacon  called  knowl- 
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edge  'Tor  the  benefit  and  use  of  man,  for  the  rehef  of  man's  estate."  Since 
usefulness  impHes  reliabihty,  the  second  element  was  the  idea  of  the 
repeatable  controlled  experiment.  In  this  lay  the  germ  of  science's  master 
procedure — the  movement  from  hypothesis,  an  imaginative  construction 
which  suggests  a  solution,  to  the  solidity  of  proof,  which  is  the  hypothesis 
checked  by  every  test  the  questing  scientist  can  devise — but  still  open  to 
further  modification  or  disproof  if  new  facts  come  up  to  challenge  it.  The 
third  element  was  to  devise  means  of  reliability. 

Rene  Descartes  invented  one — the  reduction  of  fields  of  study  to  their 
ultimate  components,  the  "discrete  objects"  which  make  them  up,  irre- 
spective of  all  the  variables  of  changing  situation  and  context.  The  other 
was  the  exact  observation  of  how  objects  behaved  so  that  they  could  be 
made  to  behave  more  usefully.  This  turned  out  to  imply,  above  all, 
measurement.  All  changes  imply  the  intervention  of  some  force  or  en- 
ergy. Things  left  to  themselves  continue  in  the  same  state.  This  inertia 
had  long  since  been  remarked  by  the  philosophers.  How,  then,  did 
material  objects  change  and  how  could  they  be  made  to  change  in  ways 
determined  by  man?  The  idea  of  utility  implied  the  purposive  use  of 
energy.  In  fact,  energy  or  force  can  only  be  defined  as  "the  capacity  to 
produce  work."  And  force,  as  a  capacity  to  pull,  push,  lift,  drop,  and 
generally  move  things  about,  can  be  precisely  measured.  The  key  to 
controlled  use  was  therefore  measurement.  As  Leonardo  da  Vinci  had 
prophesied,  mathematics  would  become  the  key  to  mechanics  and  indeed 
to  all  the  natural  sciences. 


Energy  and  Measurement 

In  the  seventeenth  century  Isaac  Newton  discovered  and  measured 
the  gravitational  force  of  the  sun  and  planets  in  the  solar  system.  Fahren- 
heit's thermometer  gave  man  the  first  means  of  exactly  measuring  that 
most  ancient  of  his  servants — heat — and  opened  the  way  to  the  precise 
degree  of  "cooking"  lo  which  materials  had  to  be  exposed  to  produce  any 
chemical  alteration  and  hence  any  later  development  of  a  chemical  in- 
dustry. By  measuring  steam  and  putting  it  to  work  more  exactly,  James 
Watt  powered  the  cotton  looms  in  Lancashire  in  the  eighteenth  century 
and,  as  it  were,  formally  inaugurated  the  Industrial  Revolution.  Sixty 
years  later,  steam  was  adapted  to  work  in  moving  engines  by  George 
Stephenson. 
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In  the  nineteenth  century,  the  pace  of  measurement  and  successful 
experiments  quickens  sharply.  There  is  more  exact  knowledge  from 
which  to  begin.  The  scientists  can  make  larger  and  more  assured  raids 
into  unconquered  territory,  consolidating  their  work  as  they  advance. 
We  can  in  particular  follow  two  paths  of  research  which  prepared  the 
way  for  the  most  Promethean  of  all  human  discoveries  in  the  twentieth 
century — nuclear  power. 

The  first  path  starts  with  Descartes's  clue  of  looking  for  nature's 
"discrete  objects"  or  ultimate  elements.  Between  1770  and  1870,  a 
Frenchman,  Antoine  Lavoisier,  an  Englishman,  John  Dalton,  and  a 
Russian,  Dmitri  Mendeleev,  managed  to  discover  the  constant  and  rela- 
tive weights  of  the  whole  table  of  elements — from  hydrogen*  the  first  and 
lightest,  to  uranium,  the  ninety-second  and  heaviest.  (Eleven  heavier 
man-made  elements  have  since  been  added.) 

The  other  path  lay  through  the  clarification  of  the  long-noticed  fact 
of  electrical  energy — the  phenomenon  of  an  electric  charge  passing  be- 
tween positive  and  negative  poles  in  a  gravitational  field  of  force.  In  the 
nineteenth  century  James  Clerk  Maxwell  postulated  the  passage 
throughout  the  whole  of  space  of  fhese  charges,  "undulations"  or  pulses. 
Heinrich  Hertz  first  observed  one  and  Guglielmo  Marconi  took  out  the 
first  patent  for  transmitting  a  "radio  wave"  and  launched  the  world  on 
the  development  of  universal  instantaneous  communication. 

But  these  discoveries  did  more  than  bring  distant  lands  and  then  other 
planets  into  audible  and — later — visible  contact  with  the  earth's  inhabi- 
tants. The  electric  pulses  could  be  directed  down  wires  made  of  good 
conductive  metals  like  copper,  and  a  massive  source  of  clean,  usable,  and 
distributable  energy,  electricity,  came  into  being.  But  more  than  this, 
when  the  full  range  of  all  the  waves  in  the  solar  system  was  finally  put 
together,  it  was  discovered  that  a  vast  unified  organization  of  energy 
existed  in  the  cosmos — the  electromagnetic  spectrum  stretching  from 
electrical  household  current  (with  oscillations  in  the  neighborhood  of  60 
cycles  per  second),  radio  and  television  waves,  up  through  the  sounds  of 
speech,  the  visible  spectrum  of  observable  colors,  and  on  to  cosmic  rays  of 

•To  give  some  idea  of  the  infinitesimal  scale  of  these  ultimate  components,  one  should 
recall  that  two  hydrogen  atoms  compose  one  hydrogen  molecule.  One  ounce  equals  8.54 
X  10-'  (or  8,540,000,000,000,000,000,000,000)  molecules.  In  mathematical  shorthand,  the 
small  24  to  the  right  of  the  ten  registers  the  number  of  places  one  moves  the  decimal  point 
to  the  right. 
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such  inconceivable  energy  as  to  produce  lo"  cycles  per  second.  From 
these  two  master  discoveries — the  table  of  elements  and  the  electromag- 
netic spectrum — there  followed  in  the  twentieth  century  the  ultimate 
breakthrough  to  the  understanding  of  nuclear  structure,  the  nature  of 
atomic  energy,  and  the  beginnings  of  its  use  for  human  purposes  in  peace 
and  war. 

In  studying  fundamental  substances,  scientists  discovered  a  number 
of  them — fluorine,  then  pitchblende,  then  uranium — which  gave  oif  x- 
rays  or  radioactive  pulses  which  at  lo"  to  lo^''  cycles  per  second  "were 
clearly  in  the  upper  "solar"  end  of  the  spectrum  and  shared  some  of  the 
searing  power  of  the  sun's  own  energy.  This  evidence  of  near-cosmic 
power  throbbing  in  the  core  of  supposedly  indivisible  elements  was  the 
clue  to  the  fact  that  they  were  not — as  had  been  supposed  hitherto — 
minute,  irreducible  objects  like  marbles  or  billiard  balls  but  immensely 
complicated  electrical  phenomena  in  which  electrons  orbited  continu- 
ously round  a  central  nucleus.  Moreover,  it  was  discovered  that  if  they 
were  bombarded  by  other  atoms  they  would  disintegrate  or  unite,  giving 
off  immense  amounts  of  energy  in  the  process.  From  this  conclusion  it 
was  possible  to  infer  that  related  processes  might  be  at  work  at  the  heart 
of  the  sun,  releasing  the  inconceivable  floods  of  energy  which  powers  all 
moving  and  living  things  in  the  entire  solar  system.  Nuclear  power,  first 
exploded  on  earth  at  Los  Alamos  in  1944,  brought  mankind  to  the  brink 
of  a  new  meaning  to  the  Promethean  myth.  Now  his  fire  had  in  truth 
been  stolen  from  the  sun  god  and  the  theft  carried  with  it  more  than  a 
hint  of  the  primeval  curse.  Misused  for  unchecked  power  and  greed,  it 
could  bind  the  modern  Prometheus  to  the  lifeless  rock  in  an  irradiated 
planet. 

The  vast  range  of  scientific  achievements  that  has  flowed  from  the 
precise  measurements  of  energy  and  the  study  of  closely  delineated 
"discrete  objects"  makes  up  one  of  the  most  remarkable  odysseys  of  the 
human  mind.  At  each  new  stage  of  measurement,  new  kinds  of  energy 
were  put  at  man's  disposal — steam,  then  electricity,  finally  nuclear 
power.  And  with  each  new  extension,  man's  power  to  manipulate  and 
change  "discrete  objects"  for  the  relief  of  man's  estate  was  correspond- 
ingly increased.  It  is  difficult  to  overestimate  the  degree  to  which  the  use 
of  energy  and  the  manipulation  of  materials  has  reduced  the  crushing 
burdens  of  physical  work,  lessened  the  concentration  of  human  effort  on 
food  production,  freed  men  for  other  pursuits,  and  extended  to  millions 
a  wealth  and  opportunity  formerly  enjoyed  by  the  smallest  elite. 
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But  until  relatively  recently,  the  underlying  thrust  of  science's  ultra- 
powerful  operations  was  toward  dissection  and  ever-increasing  speciali- 
zation. New  scientific  approaches  which  move  within  wider  fields  of 
relevant  relationships — astrophysics,  biochemistry,  social  anthropology 
— have  not  yet  a  full  century  of  practice  behind  them.  The  work  of 
synthesis  has  begun  bur  has  not  yet  offset  the  risk  that  emphasizing  exact 
and  precisely  delineated  spheres  of  study  may  make  too  little  of  the 
unities  and  systems  underlying,  connecting,  and  in  part  explaining  natu- 
ral events. 

And  this  fact  is  closely  linked  to  the  dual  nature  of  the  scientific 
enterprise.  On  the  one  hand,  it  is  dedicated  to  the  highest  standards  of 
objectivity  and  enslaved  to  the  sternest  mistress — the  spirit  of  truth.  But 
once  the  results  are  known — the  horsepower  measured,  the  atom  bom- 
barded, the  nucleus  split — vastly  increased  powers  of  use  and  misuse  fall 
into  men's  hands.  Energy  and  matter  have,  as  it  were,  been  torn  out  of 
the  restraints  imposed  upon  them  by  the  natural  system.  The  molecular 
structure  of  material  things  abstracted  for  individual  use  is  no  longer 
acted  upon  by  a  myriad  subtle  yet  systematic  influences  of  the  total 
environment.  Stripped  down  to  its  components,  it  can  be  made  more 
usable — as  in  plastic — or  infinitely  more  destructive — as  in  nerve  gas. 
Nuclear  fusion  in  the  sun  is  shielded  from  planet  Earth  by  all  the  inter- 
vening layers  of  atmosphere  and  cloud  cover.  On  earth,  the  defenses 
must  be  provided  by  men. 

It  follows  that  the  missing  checks  and  balances,  the  lost  restraints  of 
the  system  as  a  whole,  have  now  to  be  replaced  by  human  insight  and 
human  wisdom.  But  the  truth  is  that  man's  tremendous  scientific  ad- 
vance over  the  last  three  hundred  years  has  been  accompanied  not  by 
increased  insight  and  wisdom  but  by  equally  powerful,  uncoordinated, 
and  thrusting  developments  in  economics  and  politics  in  the  pursuit  of 
goods  and  the  claims  of  sovereignty.  It  has  not  been  restraint  or  reflection 
that  has  chiefly  presided  over  the  emergence  of  the  new  scientific,  techno- 
logical order.  To  go  back  to  Francis  Bacon,  the  new  gods  have  been  "the 
idols  of  the  market  and  the  idols  of  the  tribe." 


From  Commerce  to  Industry 

The  new  technological  order  is  solidly  rooted  in  man's  desire  for 
goods  and  his  wilhngness  to  work  and  plan  and  invest  to  get  them.  It  is 
therefore  not  surprising  that  a  world-wide  expansion  of  commerce 
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preceded  by  at  least  a  century  the  first  large-scale  technological  transfor- 
mations of  agriculture  and  industry.  And  very  probably  the  transforma- 
tions could  not  have  taken  place  without  the  stimulus  of  the  new  interna- 
tional market. 

When  one  thinks  of  the  extraordinary  commercial  predominance  of 
the  maritime  nations  of  Western  Europe  in  the  eighteenth  and  nineteenth 
centuries,  there  is  irony  in  the  fact  that  their  earlier  drive  to  trade  with 
the  Orient  stemmed  from  a  large  sense  of  inferiority — their  lack  of 
precious  metals  and  stones,  their  backwardness  in  silk-making  and  por- 
celain, above  all,  the  total  absence  of  spices  to  make  salted  and  sometimes 
stinking  meat  palatable  by  the  end  of  the  winter. 

But  the  long  voyages  from  Europe  to  the  Spice  Islands,  to  India,  and 
China  did  more  than  satisfy  Europe's  eager  contemporary  consumer 
demands.  The  journeys  were  distant  and  risky.  They  had  to  be  financed 
long  before  the  homecoming  ships,  escaping  scurvy,  pirates,  and  hidden 
reefs,  could  reach  port  and  make  handsome  profits  on  Ming  China  or 
nutmeg.  Loans,  credit,  interest  rates,  risk  capital,  insurance,  banking 
procedures,  partnerships,  and  profit  sharing — these  prerequisites  of  the 
later  development  of  large-scale  industrial  production  were  either  in- 
vented or  vastly  enlarged  by  maritime  world  trade. 

When,  in  the  eighteenth  century,  scientific  experimenters  of  the 
stamp  of  James  Watt  began  to  put  new  measurements,  tools,  and  engines 
into  the  workshops  of  traditional  ironmasters  and  weavers,  they  straight- 
forwardly took  over  from  mercantile  practice  the  techniques  of  the  "long 
journey" — no  longer  across  distant  seas,  but  across  the  extended  time 
needed  for  building  a  larger  factory  and  assembling  a  bigger  work  force. 
Capital  was  raised,  partners  brought  in;  their  contribution  paid  for  all 
the  costs  in  the  construction  of  the  enterprise — the  masons,  the  toolmak- 
ers,  the  bricks  and  mortar,  the  interest  on  borrowed  funds.  It  paid  the 
costs  of  getting  the  raw  materials  and  the  laborers  to  the  site.  It  paid  the 
first  bills  for  wages.  Then,  hopefully,  a  consumer  good — cloth,  pans, 
kettles,  pottery — would  be  ready  for  the  market  where  consumers  were 
waiting  to  buy.  The  price  they  were  willing  to  pay  for  the  goods  had  to 
cover  all  the  previous  costs.  But  the  very  great  increase  in  productivity 
— more  output  for  each  man-hour  of  work — made  possible  mainly  by 
adding  steam  power  to  the  machines,  meant  that  compared  with  artisan 
handicrafts  the  system  began  to  pour  out  an  enormously  increased 
stream  of  regular  and  reliable  supplies  of  consumer  goods  at  reduced 
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costs — yards  of  cloth,  hammers,  pins,  cups.  The  goods  could  be  sold 
more  cheaply,  more  people  would  buy  them,  the  costs  would  be  recov- 
ered and  a  profit  remain  at  the  end  which  ambitious  spinners  or  bleachers 
or  cutlers  could  reinvest  in  more  machines,  more  output,  and  more  sales. 
On  this  balance  between  increasing  supply  at  lower  costs  on  the  one 
hand,  and  a  widening  demand  for  basic  goods  on  the  other — with  profit 
as  reward,  inducement,  and  margin  for  reinvestment — the  whole  of  the 
early  industrial  system  was  built  up. 

As  a  decentralized  way  of  satisfying  a  million  different  tastes  and 
needs,  the  market  system  could  hardly  be  matched.  If  consumers  wanted 
less,  or  prices  were  too  high,  demand  would  fall  and  producers  would 
move  out  of  that  line.  Eager  demand,  on  the  contrary,  would  send  up 
prices,  draw  in  more  producers,  and,  as  a  result,  send  up  the  output  of 
those  goods.  Capital  would  flow  to  industries  which,  by  satisfying  de- 
mand more  economically,  could  make  the  largest  margin  over  cost.  By 
responding  promptly  to  market  signals,  the  whole  system  would  pro- 
duce, through  profit,  an  increasing  surplus  for  reinvestment.  Production 
would  grow,  markets  widen  further,  and  an  expanding  balance  between 
supply  and  demand  would  bring  more  and  more  people  within  reach  of 
at  least  a  modest  affluence.  The  whole  system  seemed  to  have  an  inner 
consistency  and  spontaneous  eff"ectiveness  which  alone  could  respond  to 
diverse,  fluctuating,  unpredictable  consumer  demands  and  mobilize 
equally  diverse  and  often  uncertain  productive  resources. 

The  Price  of  Prosperity 

Yet  this  immensely  powerful  expansion  of  the  market,  which  has 
steadily  gathered  momentum  for  the  last  two  centuries,  has  also  created 
unintended,  fragmented,  and  destabilizing  side  effects.  The  most  obvious 
is  the  immediate  impact  on  income  distribution.  If  everything  were  to 
have  a  price,  expressing  a  new  concept  of  cost,  a  whole  range  of  social 
arrangements  designed  for  a  less  cost-conscious  social  order  would  disap- 
pear.'The  servants,  who  stood  about  for  prestige's  sake  in  the  manor  or 
the  merchant's  house,  were  dismissed.  Improving  farmers — in  Britain  in 
the  eighteenth  century,  in  Europe  in  the  nineteenth,  in  Asia  in  the 
twentieth  century's  "Green  Revolution" — cleared  peasants  and  cottag- 
ers off  the  land  and  began  to  use  new  productive  techniques  in  order  to 
push  up  output  per  acre  while  cutting  labor  costs.  The  safety  net  of 
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charity  and  mutual  obligation  in  the  village  community  broke.  The 
dispossessed  moved  to  the  new  industrial  communities,  there  to  compete 
wages  down  to  mere  subsistence  and  leave  the  entire  surplus  to  the 
wealthy — long  established  or  newly  enriched — for  reinvestment  or  for 
lavish  consumption.  The  social  imbalance,  the  gap  between  rich  and 
poor,  actually  widened  in  the  early  stages  of  industrialism — as  it  still  can 
do  in  developing  societies  today. 

Moreover,  by  placing  overwhelming  emphasis  on  the  sales  of  goods 
and  the  profit  to  be  made  from  them,  the  system  proved  to  be  deficient 
in  the  funds  and  institutions  needed  to  supply  the  essential  public  goods 
— health,  education,  decent  city  design,  public  safety,  environmental 
improvement — which  did  not  offer  benefits  that  could  be  easily  broken 
down  into  salable  goods  and  in  any  case  were  too  expensive  for  the 
poorer  purchasers.  The  possibility  of  what  was  later  to  be  called  "private 
affluence  and  public  squalor"  was  present  from  the  beginning  in  econo- 
mies so  heavily  oriented  toward  the  production  and  exchange  of  con- 
sumer goods. 

We  can  see  the  effects  of  this  imbalance  most  clearly  in  two  areas — 
in  the  early  establishment  of  what  were  to  come  to  be  accepted  as  normal 
industrial  costs  and  in  the  pattern  of  the  first  industrial  cities.  First,  on 
the  side  of  costs,  as  the  Industrial  Revolution  gathered  momentum  two 
centuries  ago,  the  new  managers  and  owners  adopted  a  concept  which 
was  not  so  much  a  conscious  policy  as  a  response  to  the  risks  they 
foresaw  in  their  untried  enterprise.  These  risks  were  real  enough.  A 
useless  invention,  a  chemical  that  burned  instead  of  bleached,  faulty 
engines  which  belied  the  promise  of  productivity  by  running  out  of  steam 
— these  were  uncertainties  enough  without  adding  extra  obligations  of 
environment  or  welfare.  Above  all,  each  experiment — into  a  new  line  or 
a  new  method — could  lead  to  bankruptcy  for  oneself,  one's  family,  and 
one's  friends.  There  was  no  limited  liability  in  the  early  days,  and  nine- 
teenth-century novels  are  full  of  dramas,  of  failed  banks,  absconding 
clerks,  and  rascally  partners. 

To  the  entrepreneur,  therefore,  it  seemed  folly  to  permit  any  avoida- 
ble costs  to  be  laid  to  his  account.  The  definition  of  costs  in  the  early 
industrial  system  took  on  a  minimum  content  which  it  has  to  some 
extent  retained.  Costs  were  what  the  entrepreneur  could  not  avoid  pay- 
ing. Anything  else  was  left  to  others  or  left  undone.  Untended  slag  heaps 
piled  up  beside  the  mines  and  furnaces — some  of  the  size  of  the  tragic 
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mass  at  Aberfan  in  Wales,  which  more  than  a  century  later  slid  down 
into  the  valley  and  obliterated  the  village  school  with  the  children  in  it. 
Industrial  effluents  were  left  to  flow  off  in  the  rivers.  The  factories 
belched  choking  smoke  into  the  air  above,  and  their  interiors  were  as 
unadorned  as  economy  could  make  them,  nightmares  of  noise,  heat,  and 
danger  from  throbbing,  thrusting,  uncaged  machines  into  which  pauper 
workers,  often  under  ten  years  old,  could  fall  to  their  death. 

Political  interventions,  such  as  factory  acts  and  inspectorates,  little 
by  little  improved  internal  conditions.  But  the  use  of  air  and  waterways 
as  giant  sewers  for  effluents  aroused  less  concern,  in  part  because  the 
scale  of  industrialization  and  the  flow  of  consumer  goods  were  not  at  first 
so  great  as  to  make  winds  and  waters  and  tides  incapable  of  clearing  up 
a  good  deal  of  the  mess.  Natural  systems  were  treated  as  "free  goods" 
because  they  still  appeared  to  be  costless  cleansers.  It  is  true  that  a  few 
of  the  classical  economists  discussed  the  problem  of  what  they  called 
"external  diseconomies" — one  factory's  soot  dirtying  the  next  factory's 
windows  or  upstream  chlorine  poisoning  downstream  fish — in  other 
words,  the  costs  an  enterprise  can  cause  to  others  while  escaping  damage 
itself.  The  economists  also  suggested  remedies — fines  for  delinquent 
behavior,  taxes  on  effluents.  But  as  late  as  1967,  one  of  the  world's  most 
widely  read  economic  textbooks  discussed  such  external  diseconomies 
only  in  footnotes  and  an  appendix. 

The  insufficiency  of  the  market  approach  is  equally  evident  in  the 
early  growth  of  the  industrial  cities.  Technology  and  the  market  relent- 
lessly speeded  up  the  processes  of  urbanization.  For  the  first  time  in 
human  history,  the  bulk  of  man's  work  began  to  be  done  not  on  the  land 
but  in  built-up  areas.  It  was  in  the  resulting  spread  of  industrial  plant 
and  urban  settlements  that  some  of  the  most  evident  drawbacks  of  eco- 
nomic expansion  guided  exclusively  by  market  signals  were — and  in 
some  cases  still  are — to  be  found. 

Actually,  a  tendency  to  centralize  power  and  order  in  the  new  nation- 
states  had  begun  to  blow  up  the  size  of  the  capital  cities  ahead  of 
technological  revolution  and  market  growth.  By  the  sixteenth  century, 
London  had  250,000  inhabitants,  Milan  over  200,000,  Antwerp  and 
Amsterdam  over  100,000  each.  Two  centuries  later  London  had  nearly 
a  million,  Paris  over  650,000.  But  it  was  this  expansion  in  the  cities  that 
began  to  demonstrate  to  the  new  entrepreneurs  the  value  to  business  of 
large  concentrations  of  people.  A  sizable  labor  force,  an  accessible  mar- 
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ket,  speedy  suppliers — all  these  cost-reducing  elements  went  into  the 
urban  pattern.  Industry  began  to  move  to  the  fringes  of  the  largest  cities. 
It  built  up  its  own  new  industrial  towns,  pushing  Manchester  from  a 
village  of  some  12,000  inhabitants  in  1717  to  a  rapidly  expanding  town  of 
30,000  only  forty  years  later  to  a  big  industrial  city  of  over  300,000 
inhabitants  by  the  1860s. 

In  these  new  agglomerations  the  evils  of  wastes  and  effluents,  were 
enormously  multiplied  by  concentration.  And  these  were  further  in- 
creased by  the  poverty  and  desperate  overcrowding  of  the  urban  workers. 
In  these  first  phases  of  industrialization,  labor  costs,  like  all  other  costs, 
were  held  to  a  minimum.  Dispossessed  cottagers,  handicraft  workers  put 
out  of  business  by  the  new  machines,  the  paupers,  the  orphans — their 
competition  for  jobs  saw  to  it  that  wages  did  not  do  much  more  than  keep 
alive  their  malnourished  bodies.  This  poverty  in  turn  determined  much 
of  the  pattern  of  housing  in  the  industrial  cities.  Rents  had  to  match  the 
meager  wages.  Yet  in  contemporary  philosophy,  house-building  would 
be  done  only  if  it  showed  a  profit.  The  solution  was  crowding.  The  mean 
little  houses  were  built  back  to  back  in  square  blocks  which  permitted 
the  maximum  packing  in  of  room  space,  half  of  which  had  access  to  light 
only  through  the  door  into  the  front  room.  In  some  quarters  there  were 
not  even  wells  to  provide  water.  Stinking  closets  in  the  basement — or 
none  at  all — failed  to  answer  people's  sanitary  needs.  In  the  streets  filth 
accumulated. 

Yet  the  sheer  number  of  rent-paying  families,  sometimes  one  family 
per  room — or  per  cellar — made  profits  for  landlords  and  greatly  inflated 
the  capital  value  of  urban  land,  thereby  increasing  still  further  the  diffi- 
culty of  expanding  the  supply  of  cheap  houses.  Casual  lodgings  in  which 
workers  slept  in  the  beds  in  turn — as  they  still  do  in  Bombay — railway 
arches,  park  benches  filled  in  the  gap. 

In  such  environments,  sickness  and  death  were  the  visible  compan- 
ions of  daily  life.  Death  rates  in  the  cities  remained  consistently  higher 
than  in  the  countryside  and  kept  a  check  on  the  rate  of  population 
growth.  Choking  smoke  and  pea-soup  fog  proved  lethal  to  people  with 
respiratory  diseases.  Typhus  and  other  vermin-spread  diseases  took  a 
terrible  toll  in  dirty,  crowded  quarters.  The  dreaded  typhoid  spread  from 
the  steaming  slums  to  the  outer  world  of  middle-class  comfort  and  even 
into  the  palaces  of  royalty. 

All  these  evils  of  the  urban  condition  set  off  another  decisive  trend 
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in  the  living  habits  of  modern  man.  Anyone  who  could  get  away  from 
the  dirt,  disease,  and  noise  of  the  inner  industrial  city  began  to  do  so.  By 
the  middle  of  the  nineteenth  century,  the  move  to  suburbia  was  under 
way.  First  the  villas  in  their  leafy  gardens  were  within  reach  by  horse  and 
carriage — for  instance,  such  early  suburbs  as  Clapham  and  Hampstead 
in  London,  St.  Cloud  in  Paris,  or  Brooklyn  Heights  in  New 'York.  Then 
railways  allowed  for  greater  distances  and  the  "spread  city"  composed 
of  people  escaping  from  the  central  urban  core  began  to  move  out  in 
waves  to  ever-further  settlements.  Thus  they  tended  to  re-create  the 
conditions  they  had  tried  to  avoid.  By  the  end  of  the  century  Brooklyn 
Heights  was  a  city  quarter  like  all  the  other  "first-generation"  belts  of 
suburbia.  But  the  spread  went  on,  land  values  rising  to  tempt  the  private 
landseller  and  the  questing  developer  and,  in  some  lands,  removing  the 
affluent,  able  to  pay  rates  and  taxes,  from  any  role  in  solving  the  problems 
of  the  older  city  quarters.  The  suburban  flight  thus  underlined  the  condi- 
tion that  Benjamin  Disraeli  defined  in  nineteenth-century  Britain  as  the 
coexistence  of  "two  nations — the  nation  of  the  rich  and  the  nation  of  the 
poor." 

The  Consumer  Revolution 

The  evils  of  early  industrialism  and  the  attendant  squalor  of  its  urban 
order  were  too  gross  to  be  accepted  without  protest  and  violence.  It  took 
more  than  a  century  of  constant  political  pressure,  ever-renewed  efforts 
of  social  reform,  and  some  major  political  revolutions  to  discredit  the 
idea  that  an  infallible  market,  simply  by  responding  to  a  vast  variety  of 
consumer  signals,  could  achieve  acceptable  patterns  of  income  distribu- 
tion or  an  adequate  level  of  general  welfare.  By  the  second  half  of  the 
twentieth  century,  the  shape  of  a  new  "social  contract"  had  begun  to 
emerge.  The  role  the  market  should  play  was  either  subordinated  under 
socialism  to  state  planning  or,  in  mixed  market  economies,  balanced  by 
a  wider  acceptance  of  the  community's  political  responsibility  for  a 
whole  range  of  public  goods  and  the  citizen's  basic  right  to  income, 
education,  work,  and  welfare. 

But,  by  a  paradox,  it  is  precisely  this  achievement  that  has  created 
new  pressures  on  the  economic  system  and  reinforced  the  difficulty  of  a 
number  of  earlier  problems.  A  twenty-five-year  boom  set  in  among  the 
industrialized  nations  after  1945.  Highly  developed  consumer  goods, 
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often  by-products  of  war-developed  technologies — in  energy,  in  electron- 
ics, in  transport,  in  synthetics — added  enormously  to  the  range  of  power- 
using  machines  available  to  the  citizen,  particularly  the  automobile. 
Consumer  demand  was  stimulated  in  many  countries  by  a  new  intensity 
of  advertising,  the  income  behind  it  sustained  by  the  political  commit- 
ment to  economic  growth  and  full  employment.  This  surge  of  demand 
began  gobbling  up  resources  and  increasing  requirements  of  materials 
and  energy  at  an  unprecedented  rate.  The  economy  responded  rapidly 
to  these  signals.  New  energy-producing  equipment,  was  installed,  materi- 
als mobilized,  sold,  used,  and  junked.  World  trade  doubled  each  decade. 
In  many  countries,  the  growth  of  national  income  was  not  far  behind. 

But  behind  the  feverish  expansion,  old  pressures  began  to  gather 
momentum  and  new  ones  were  added.  In  already  developed  countries, 
it  is  true,  only  certain  social  groups  were  desperately  poor  but  their  plight 
was  made  all  the  more  intolerable  by  the  contrast  with  the  affluence  of 
everyone  else.  In  the  world  at  large,  the  industrialized  powers  increased 
their  lead  in  production  and  consumption  over  the  ex-colonial,  develop- 
ing lands.  In  the  planet  at  large,  a  wealthy  "North"  in  stark  contrast  to 
a  still-unmodernized  "South"  transferred  Disraeli's  dictum  to  the  world 
community. 

The  cities  once  again  took  the  brunt  of  this  contrast — in  the  pockets 
of  poverty  in  slums  and  ghettos  in  developed  lands,  in  the  shantytowns 
and  favellas,  the  calampas,  and  bidonvilles  which  began  to  surround 
developing  cities  with  the  squalid  camps  and  shelters  of  millions  of 
migrants  from  rural  misery. 

Even  where  the  boom  brought  rapidly  rising  and  widely  diffused 
prosperity,  the  pressures  increased.  A  new  surge  of  suburban  growth 
followed  the  increasing  ownership  of  automobiles.  City  after  city  ex- 
ploded into  the  surrounding  countryside,  extending  with  them  the  con- 
crete expanses  of  our  vast  highways  and  modem  conurbations.  Met- 
ropolitan areas  which  had  reached  a  million  inhabitants  before  the  First 
World  War  went  on  to  grow  into  conurbations  of  two  and  six  and  seven 
million. 

Moreover,  the  sheer  scale  of  effluents  to  be  disposed  of  and  materials 
to  be  junked — 1900  pounds  per  person  per  year  for  instance  in  the  United 
States — coupled  with  the  wide  geographical  spread  of  urban  and  sub- 
urban settlements  meant  a  sudden,  vast  increase  in  the  strain  on  air  and 
rivers  which,  by  and  large,  continued  to  be  used  as  "free  goods"  still  able. 
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without  cost,  to  dispose  of  the  unlimited  wastes  of  the  millions  upon 
millions  of  new  high-consuming  citizens.  Nor  has  this  burden  simply 
proved  to  be  an  intensification  of  earlier  pollution.  It  has  also  changed 
in  character.  The  very  freedom  of  recently  invented  technologies  to 
devise,  manipulate,  and  create  new  substances  in  the  wake  of  chemical 
discovery  has  added  a  still-unmeasured  element  of  risk  to  the  effluents 
of  massively  expanding  industrial  systems. 

But  the  really  new  risk,  foreseen  in  the  past  by  only  a  few  of  the 
world's  economists,  is  that  such  a  pressure  of  rising  demand  may  begin 
to  put  intolerable  strains  on  what  had  appeared  to  be  the  planet's  limit- 
less resources.  This  risk  had  been  masked  in  the  thrusting  nineteenth 
century  by  the  opening  up  of  all  the  planet's  temperate  lands  to  European 
settlement  and  later  by  the  extraordinary  productivity  of  new  forms  of 
energy  and  chemical  transformations.  Nor  did  anyone  before  1945  fully 
foresee  the  runaway  growth  in  world  population. 

But  once  the  risks  of  future  shortage  begin  to  appear,  the  insufficiency 
of  market  mechanisms  to  deal  fully  with  them  becomes  equally  obvious. 
The  market  has  only  one  answer  to  scarcity — to  put  up  the  price.  In  the 
longer  run,  this  may  encourage  the  invention  of  alternative  technologies 
which  economize  materials  and  energy.  But  in  the  short  run  price  rises 
are  usually  unavoidable  and  this  fact  leads  not  simply  to  economic  but 
to  political  problems.  If  costs  and  prices  rise,  something  has  to  give, 
either  private  standards  or  public  spending — or  the  planet's  integrity. 
For  contemporary  political  systems  this  dilemma  has  an  extra  edge  of 
difficulty  in  that  public  spending  tends  to  include  a  large  element  of  the 
expenditures  which  are  least  useful  to  consumers  and  most  inflationary 
in  their  effect — the  cost  of  armaments.  And  this  is  simply  one  more 
reminder  that,  decisive  as  the  market  has  been  as  a  stimulus  to  the 
development  of  our  disturbed,  fragmented,  and  powerful  modern  order, 
a  far  more  potent  agent  of  change  has  been  Bacon's  other  idol,  "the  idol 
of  the  tribe,"  the  emergent  nation-state. 

Nations  and  Markets 

This  third  element  in  the  powerful  trinity  of  forces — science,  the 
market,  the  nation — has  its  roots  in  concepts  of  political  sovereignty 
which  in  one  form  or  another  are  as  old  as  the  hunting  clans.  The 
important  point  is  that  the  cohesive  modern  nation-state  has  developed 
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the  authority,  the  organization,  the  will,  and  the  energy  to  do  three 
critical  things. 

First  of  all,  it  created  an  internal  market,  wide  yet  coherent  enough 
to  launch  the  Industrial  Revolution.  A  nation  the  size  of  Britain  or 
France,  for  example,  proved  to  be  a  very  promising  area  for  commercial 
organization.  It  was  large  enough  to  create  a  "critical  mass"  of  demand 
for  rising  production  but  also  small  enough  to  be  effectively  administered 
and  governed.  In  large,  rambling  territories  like  Central  Europe  with  its 
ill-defined  Holy  Roman  Empire,  surcharges  and  duties  would  be  charged 
at  every  toll  bridge  and  city  gate.  In  China,  too,  distances  and  focal 
obstacles  were  too  great  for  the  quick  emergence  of  a  truly  national 
market.  It  is  significant  that  of  all  the  nations  of  Asia,  it  was  in  Japan, 
an  ancient  island  sovereignty  most  resembling  Britain,  that  nationalism 
and  industry  began,  in  the  nineteenth  century,  to  go  hand  in  hand. 

Next,  the  nation  states  of  Western  Europe  created,  without  directly 
intending  it,  a  world-wide  market.  Europe's  maritime  powers — Portugal, 
Holland,  Britain,  France — first  sought  trade  with  Asia  and  then  tried  to 
keep  all  rivals  out  precisely  because  Europe  was  so  short  of  the  consumer 
goods  such  as  silks  and  spices  men  most  valued  in  the  past.  In  the 
eighteenth  and  nineteenth  centuries,  Britain,  outdistancing  other  trading 
nations,  created  the  first  genuinely  world-wide  system  of  exchange,  ex- 
porting African  slaves  to  the  New  World  to  produce  sugar  and  later 
cotton,  exchanging  the  sugar  in  Europe  for  iron  ore  and  timber  and 
nautical  stores,  using  the  ships  to  trade  for  cloth  and  spice  in  Asia  and 
paying  the  Asians  with  bullion  taken  from  Africa  (as  the  name  of  the 
British  gold  coin  guinea  implies). 

This  vast  entrepot  trade  grew  more  profitable  when  the  collapse  of 
internal  authority  in  India  established  Britain's  colonial  control  (exer- 
cised significantly  through  a  semipublic  trading  corporation,  the  East 
India  Company).  This  takeover  permitted  the  British  to  phase  out  Indian 
hand-loom  textiles  and  substitute  Lancashire  cloth  first  at  home  and  then 
for  export — the  first  modern  case  of  successful  import  substitution  and 
one  which  may  well  have  given  Britain's  textile  industry  the  elbowroom 
needed  to  invent  full-scale  factory  production. 

This  imperial  expansion  and  world-wide  commercial  predominance 
was  not  in  any  way  part  of  a  preconceived  plan.  It  was  the  very  quintes- 
sence of  the  unintended  order.  But  once  launched,  the  type  of  commer- 
cial relations  established  by  Britain  and  copied  by  its  industrializing 
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Atlantic  neighbors  proved  remarkably  persistent.  Basically  it  involved 
the  exchange  of  capital  and  manufactures  from  developed  lands  for  raw 
materials  produced  in  developing  and  often  colonial  countries.  Much  the 
same  pattern  persists  today  in  the  economic  relations  between  developed 
and  developing  nations. 

TJie  third  impact  on  man's  environment  flowing  from  the  expansion 
of  national  power  brought  science  and  state  together  in  the  pursuit  of 
war.  From  the  sixteenth  to  the  nineteenth  century,  the  oceans  of  the 
world  were  full  of  brawling,  struggling  European  rivals,  chasing  and 
fighting  each  other  for  the  control  of  goods,  monopolies,  and  trading 
posts.  One  consequence  of  this  maritime  rivalry  was  to  stimulate  re- 
search into  metals  light  enough  to  produce  cannons  which  would  not 
sink"  the  ships  which  had  to  carry  them.  Some  of  the  most  skillful  techni- 
cal innovators  of  the  eighteenth  century  owed  their  head  start  to  naval 
and  military  operations.  In  Britain,  for  instance,  Henry  Cort  began  life 
as  a  naval  agent  and  went  on  to  revolutionize  iron  production.  Henry 
Maudsley,  happily  remembered  for  the  invention  of  the  beer  handle, 
began  his  career  in  machine  tools  in  Woolwich  Arsenal. 

But  it  was  not  only  colonial  rivalries  that  powered  the  furnaces  of 
war.  Once  Germany,  Russia,  and  Japan  belatedly  joined  the  ranks  of 
self-consciously  nationalist  states  and  sought  to  assert  their  sovereignty 
and  to  expand  their  interests  in  a  world  largely  controlled  by  the  earlier 
established  nations,  nationalist  rivalries  exploded  into  a  series  of  wars 
which  in  the  twentieth  century  twice  engulfed  the  planet  and  still  leave 
behind  such  powerful  legacies  of  fear  and  distrust  that  they  inspire  a 
general  spending  on  armaments  on  the  order  of  S2oo  billion  a  year. 

If  the  modest  wars  of  the  seventeenth  and  eighteenth  centuries 
sparked  a  genuine  acceleration  in  technological  skills,  it  can  be  imagined 
what  the  twentieth  century's  global  wars  and  global  arms  have  brought 
about  in  the  way  of  thrusting,  single-minded  technical  discovery  and 
applied  research.  It  was  the  nineteenth  century  demand  for  accurate 
small  arms  that  encouraged  the  industrial  evolution  of  interchangeable 
parts  and  the  high-speed  lathes,  new  drilling  equipment,  hardened  met- 
als, and  new  alloys  needed  to  make  them.  All  these  inventions  have 
proved  critical  in  the  development  of  mass-produced  modern  "consumer 
durables,"  above  all  the  motorcar. 

The  First  World  War  gave  agriculture  the  tractor  via  the  tank  and 
put  a  booster  of  incalculable  force  under  the  automobile  and  the  airplane. 


924 


The  Second  World  War  speeded  up  by  decades  the  evolution  of  all  kinds 
of  electronic  equipment  and  ushered  in  the  final  Promethean  theft — the 
discovery  that  the  atom's  nucleus  could  be  split  and  its  earth-destroying 
power  used  for  human  purposes.  And  all  this  war-inspired  stimulus,  all 
this  investment,  all  this  input  of  trained  minds  and  infinitely  elaborate 
equipment  into  weapons  has  served  the  most  negative,  the  most  divisive, 
the  most  wasteful  set  of  purposes  that  mankind  can  set  itself — and  at  an 
incalculable  price  in  welfare  and  resources. 

In  short,  mankind  has  still  found  no  organized  system  for  reconciling 
the  driving  demands  and  ambitions  of  national  statehood  with  the  wider 
unities  of  a  shared  planet.  With  all  the  growth,  all  the  enrichment,  all 
the  apparent  market  success  of  the  fifties  and  sixties,  men  are  left  in  deep 
unease  about  the  current  condition  of  their  planet- 
Just  as  the  grouping  together  of  factories  in  urban  concentrations 
during  the  last  century  vastly  increased  the  pressures  of  filth  and  con- 
tamination, in  our  modern  mass  economy  the  sheer  concentration  of 
consumers  is  beginning  to  show  a  comparable  effect.  Drainage  systems, 
waste  disposals,  urban  structures — none  was  designed  for  such  a  flood 
of  disposable  artifacts  bought,  enjoyed,  and  thrown  out  by  such  a  flood 
of  people. 

Above  all,  the  distribution  of  prosperity  is  dangerously  skewed. 
Within  each  affluent  economy,  minorities  who  are  handicapped  by  ethnic 
prejudice  or  age  or  sickness  tend  to  be  left  behind  to  observe  vicariously 
on  television  how  the  luckier  three-quarters  live.  And  in  planetary  so- 
ciety as  a  whole,  it  is  three-quarters  who  live  badly  and,  as  their  numbers 
rise,  face  bleak  prospects  of  living  better. 

To  restore  balance  and  hope,  to  moderate  the  despairs  and  pressures, 
to  achieve  common  policies  for  a  viable  political  order  are  thus  the 
preconditions  of  any  decent  human  environment  on  planet  Earth. 

If  all  man  can  offer  to  the  decades  ahead  is  the  same  combination  of 
scientific  drive,  economic  cupidity,  and  national  arrogance,  then  we 
cannot  rate  very  highly  the  chances  of  reaching  the  year  2000  with  our 
planet  still  functioning  safely  and  our  humanity  securely  preserved. 

Equally,  however,  a  careful  recognition  of  where  our  failures  lie  is  the 
first  step  toward  the  wisdom  and  restraint  our  overwhelming  power 
requires  of  us.  In  every  case,  the  needed  steps  take  us  away  from  division, 
from  single-shot  interventions,  separatist  tendencies,  and  driving  ambi- 
tions and  greeds.  We  have  to  grasp  and  foster  more  fully  the  truly 
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integrative  aspects  of  science.  We  have  to  revise  our  economic  manage- 
ment— of  incomes,  of  environments,  of  cities.  We  have  to  place  what  is 
valuable  in  nationalism  within  the  framework  of  a  political  world  order 
that  is  morally  and  socially  responsible  as  well  as  physically  one.  Our 
errors  point  to  our  cures  and  on  the  basis  of  man's  survival  up  to  this 
point,  it  is  not  wholly  irrational  to  believe  that  he  can  learn  from  his 
mistakes. 
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Part  Five:  A  Planetary  Order 


13  THE  SHARED  BIOSPHERE 


Airs  and  Climates 

Nowhere  is  the  vulnerability  and  interdependence  of  the  total  bio- 
sphere more  evident  than  in  the  envelope  of  atmosphere  upon  which 
more  and  more  of  industrial  man's  activities  are  beginning  to  impinge. 
It  is,  of  course,  alien  to  our  thinking  that  the  firmament  itself  could  be 
vulnerable  to  our  intrusions.  Yet  there  can  be  a  useful  corrective  to  this 
kind  of  thinking  in  a  return,  for  a  moment,  to  our  knowledge  of  the 
alphabets  of  space  and  time — of  the  electromagnetic  spectrum  and  the 
earth's  evolution  through  the  billennia.  Let  us  recall  the  solar-shield 
effect  of  the  earth's  atmosphere.  Over  the  ages,  the  general  level  of  heat 
in  the  planet  has  been  maintained  with  fair  uniformity  by  a  critical 
balance.  Incoming  solar  radiation,  coupled  with  the  earth's  own  reab- 
sorption  of  I  he  heat  it  gives  off  itself,  just  about  equals  the  amount  of 
radiation  that  is  blocked  en  route  from  the  sun  or  sent  from  cloud  and 
earth  surfaces  back  into  space. 

Different  parts  of  the  planet  are,  obviously,  warmed  and  cooled  in 
different  degrees  and  their  interchanges — through  the  winds  and  air 
currents  and  the  universal  mediations  of  the  ocean — make  up  the  whole, 
totally  interdependent  climate  of  our  planet.  In  the  tropics,  more  heat 
is  absorbed  than  in  the  highly  reflective  polar  regions.  The  heat  generated 
in  the  center  tends  to  flow  to  the  poles  and  their  cooler  airs  are  drawn 
back  toward  the  center.  The  general  effect  is  to  mitigate  extremes  of 
teijiperature.  But  this  relatively  straightforward  motion  is  immensely 
complicated  by  the  spinning  of  the  earth  on  its  axis,  by  the  massing 
together  of  land  in  some  areas,  of  water  in  others,  by  high  mountain 
ranges,  and  the  distribution  of  rain  forests  and  deserts.  With  so  many 
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variables,  it  is  not  surprising  that  local  weather  systems  exhibit  very  large 
variations  round  expected  norms.  It  is  perhaps  equally  unsurprising  that 
the  whole  global  climate  can  itself  undergo  profound  modifications. 

During  about  90  per  cent  of  its  stable  existence,  our  planet  appears 
to  have  had  no  ice  at  all  at  the  poles.  But  we  know  from  the  evidence 
of  geology  that  it  has  undergone  some  five  or  six  periods  of  glaciation. 
We  appear  to  be  in  the  tail  end  of  the  latest — the  Pleistocene  Ice  Age 
which  lasted  over  a  million  years  and  brought  the  glaciers  to  the  Mediter- 
ranean. Today,  the  ice  has  retreated,  but  is  not  quite  back  to  normal.  Yet 
so  great  is  the  immediate  effect  of  the  ice  caps  on  our  global  climate  that 
"normal" — in  other  words,  no  ice  caps — could  mean  a  catastrophically 
different  topography,  with  some  land  masses  under  water  and  others 
indescribably  hot. 

Clearly  man  has  had  nothing  to  do  with  these  vast  climatic  changes 
in  the  past.  And  from  the  scale  of  the  energy  systems  involved,  it  would 
seem  rational  to  suppose  that  he  is  not  likely  to  affect  them  in  the  future. 
But  here  we  encounter  the  other  facet  of  our  planetary  life:  the  fragility 
of  the  balances  through  which  the  natural  world  that  we  know  survives. 
In  the  field  of  climate,  the  sun's  radiations,  the  earth's  emissions,  the 
universal  influence  of  the  oceans,  and  the  impact  of  the  ice  are  unques- 
tionably vast  and  beyond  any  direct  influence  on  the  part  of  man.  But 
the  balance  between  incoming  and  outgoing  radiation,  the  interplay  of 
forces  which  preserves  the  average  global  level  of  temperature  appear  to 
be  so  even,  so  precise,  that  only  the  slightest  shift  in  the  energy  balance 
could  disrupt  the  whole  system.  It  takes  only  the  smallest  movement  at 
its  fulcrum  to  swing  a  seesaw  out  of  the  horizontal.  It  may  require  only 
a  very  small  percentage  of  change  in  the  planet's  balance  of  energy  to 
modify  average  temperatures  by  2°C.  Downward,  this  is  another  ice  age; 
upward,  a  return  to  an  ice-free  age.  In  either  case,  the  effects  are  global 
and  catastrophic. 

Scientists  are,  therefore,  turning  their  attention  to  the  points  at  which 
human  actions,  however  minuscule  their  effects  may  seem  when  set 
against  the  total  scale  of  the  planet's  energy  system,  may  nonetheless 
trigger  off  one  of  those  small  but  fateful  changes  which  alter  the  balance 
of  the  seesaw. 

Among  the  enormous  range  of  technological  man's  activities,  three 
such  points  of  leverage  seem  serious  enough  to  arouse  real  concern.  The 
first  turns  on  the  role  of  carbon  dioxide  in  intercepting  the  earth's  heat 
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radiations  and  in  transmitting  them  back  to  the  earth,  the  so-called 
greenhouse  effect.  Its  action  is  rather  like  the  effect  of  car  windows  when 
the  sun's  rays  enter  the  car  and  warm  up  the  seats  and  fittings  inside.  But 
glass  does  not  pass  on  heat.  It  lets  the  rays  through  but  retains  the  heat 
within  the  interior  of  the  car,  which  gets  hotter  and  hotter.  In  the 
atmosphere,  carbon  dioxide  can  have  the  effect  of  glass.  It  can  cut  down 
the  rate  of  surface  cooling  and  we  do  not  know  whether  its  effects  are 
reversible.  In  normal  amounts — the  .03  per  cent  of  the  total  atmosphere 
— it  plays  a  very  small,  though  specialized,  part  in  the  earth's  heating 
system.  But  there  is  evidence  to  suggest  that  over  the  last  decade,  the 
release  of  carbon  dioxide  into  the  atmosphere  as  a  result  of  man's  burning 
fossil  fuels  has  been  increasing  by  0.2  per  cent  a  year.  We  simply  do  not 
know  where  all  the  carbon  dioxide  produced  in  the  biosphere  year  by 
year  actually  goes.  Perhaps  half  is  absorbed  in  the  oceans  and  the  metab- 
olism of  plants.  But  the  increasing  concentration  in  the  air  means  that, 
at  present  rates  of  use,  the  earth's  temperature  could  rise  by  o.5°C  by  the 
year  2000. 

But  present  rates  may  well  increase.  Excessive  deforestation  can 
reduce  the  rate  of  natural  removal  of  carbon  dioxide  from  the  atmos- 
phere through  the  action  of  leaves.  At  the  same  time  ever  greater 
amounts  are  being  pumped  into  the  atmosphere  as  industrialization  goes 
forward.  The  energy  demands  of  developed  societies  are  still  rising 
sharply.  Projections  of  power  demands  in  the  developing  world  suggest 
even  more  precipitous  increases.  What  would  be  the  consequences  of 
multiplying  energy  consumption  in  the  developing  nations  to  the  levels 
obtaining  in  technological  societies?  We  do  not  have  to  postulate  the 
fantasy  of  three  and  a  half  billion  cars  on  the  planet  to  begin  to  wonder 
whether  the  sum  of  all  likely  fossil-fuel  demands  in  the  early  decades  of 
the  next  century  might  not  greatly  increase  the  emission  of  carbon  diox- 
ide into  the  atmosphere  and  by  doing  so  bring  up  average  surface  temper- 
ature uncomfortably  close  to  that  rise  of  2°C  which  might  set  in  motion 
the  long-term  warming  up  of  the  planet. 

The  risk  is  increased  by  the  possibility  that  a  change  of  this  kind 
•  could  conceivably  be  working  with  and  thus  reinforcing  an  underlying 
global  movement  already  taking  place  independently  of  man.  Recently 
scientists  have  extracted  long  cores  from  the  Greenland  ice  cap  and 
constructed  from  their  variations  in  freezing  and  melting  a  sort  of  profile 
of  an  ice  age.  The  last  two  are  found  to  resemble  each  other  to  a  marked 
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degree — the  change  from  major  glaciation  back  to  ice-free  conditions 
being  marked  by  a  series  of  remarkably  similar  wobbles  back  and  forth 
between  more  freezing  and  less  freezing.  It  is  not  therefore  irrational  to 
wonder  whether  a  massive  man-induced  increase  in  the  atmosphere's 
carbon  dioxide,  coinciding  with  one  of  nature's  own  warmings  up,  might 
not  change  a  slight  move  at  the  center  of  the  seesaw  into  a  violent  shifting 
of  weight  and  the  risk  of  major  and  unpredictable  global  consequences. 

Another  range  of  risks  is  incurred  by  industrial  man's  increasing 
emission  of  dust,  soot,  and  gas,  which  combine  with  each  other  and  with 
droplets  of  vapor  to  thicken  up  the  atmosphere  and  increase  the  earth's 
cloud  cover.  The  higher  the  altitude  of  these  concentrations,  the  more 
lasting  they  appear  to  become.  Particles  which  would  vanish  in  a  few 
weeks  in  the  lower  airs  can  last  from  one  to  three  years  in  the  high 
altitudes.  There  is  already  evidence  that  cirrus  clouds  are  increasing 
along  the  most-used  air  routes  in  the  northern  hemisphere  and  that  the 
earth's  cloud  cover  as  a  whole  is  showing  some  signs  of  deepening.  The 
difficulty  is  to  know  what  effects  such  changes  might  have.  If  they 
effectively  reduced  the  passage  of  the  sun's  radiation,  they  might  lower 
the  earth's  temperatures.  If,  on  the  contrary,  they  reflect  back  the  earth's 
own  emissions  of  heat,  they  reinforce  the  greenhouse  effect. 

Scientists  have  some  evidence  to  go  on.  In  1963,  Mount  Agung  blew 
up,  taking  a  sizable  piece  of  Bali  with  it.  Like  the  great  explosion  of 
Krakatoa  in  1883,  the  Agung  eruption  filled  the  lower  stratosphere  with 
particles  which  dyed  the  sunsets  with  light-reflecting  particles.  The 
effects  persisted  for  several  years  and  had  world-wide  consequences 
within  six  months  of  the  event.  The  band  of  the  stratosphere  lying  above 
the  equator  was  heated  up  by  6°  to  fC  immediately  after  the  eruption 
and  remained  1  to  3°  higher  for  several  years.  There  is  thus  no  doubt 
that  gases  and  particles  in  the  stratosphere  do  hang  about,  do  have 
world-wide  effects,  and  do  raise  the  temperature.  They  may  do  other 
things — combine  in  unpredictable  ways  with  each  other  under  the  direct, 
almost  unshielded  influence  of  the  sun's  radiation.  A  sort  of  photochemi- 
cal effect  like  smog  is  conceivable.  It  has  also  been  suggested  that  nitrates 
and  sulfates  from  volcanoes — or  supersonic  exhausts — can  unite  with 
the  critical  supply  of  ozone  and  deplete  the  upper  atmosphere  of  one  of 
the  essential  elements  in  the  planet's  antiradiation  shield. 

It  is,  incidentally,  this  uncertainty  over  the  cumulative  effects  of 
carbon  dioxide,  particulate  matter,  vapor,  and  gases  in  the  atmosphere 
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that  has  led  some  scientists  to  advocate  caution  in  any  massive  develop- 
ment of  supersonic  transport.  But  virtually  all  scientists  would  agree  on 
two  propositions.  Industrial  man,  by  using  the  air  as  a  giant  sewer,  can 
have  profound  and  unforeseen  effects  on  the  earth's  climate  and  thus  the 
possible  consequences  will  be  borne  not  simply  by  the  polluting  agencies, 
but  by  the  biosphere  as  a  whole.  From  this  follows  the  second  point.  We 
need  far  more  knowledge,  far  more  sophisticated  simulation  of  climatic 
effects  on  giant  computers,  far  more  monitoring  on  a  global  basis,  far 
more  exact  information  on  what  we  are  actually  doing  in  the  atmosphere 
that  the  whole  of  mankind  must  share. 

All  these  concerns  with  global  air  pollution  lie  beyond  the  effective 
protection  of  individual  governments.  It  is  no  use  one  nation  checking 
its  energy  use  to  keep  the  ice  caps  in  place  if  no  other  government  joins 
in.  It  is  no  use  the  developed  nations  suggesting  lower  energy  use  just 
at  the  moment  when  the  developing  nations  see  increased  use  as  their 
only  exit  from  the  trap  of  poverty.  The  global  interdependence  of  man's 
airs  and  climates  is  such  that  local  decisions  are  simply  inadequate.  Even 
the  sum  of  all  local  separate  decisions,  wisely  made,  may  not  be  a 
sufficient  safeguard  and  it  would  take  a  bold  optimist  to  assume  such 
general  wisdom.  Man's  global  interdependence  begins  to  require,  in  these 
fields,  a  new  capacity  for  global  decision-making  and  global  care.  It 
requires  coordinating  powers  for  monitoring  and  research.  It  means  new 
conventions  to  draw  up  ground  rules  to  control  emissions  from  aircraft 
and  to  assess  supersonic  experiments.  It  requires  a  new  commitment  to 
global  responsibilities.  Equally,  it  needs  effective  action  among  the  na- 
tions to  make  responsibility  a  fact.  And  all  these  necessities — for  more 
research,  better  monitoring,  stricter  control,  and  more  global  action — 
are  simply  reinforced  when  we  turn  to  man's  other  universal  environ- 
ment— the  world  of  the  seas  and  oceans. 

The  Oceans 

Only  the  fact  that  so  much  of  the  surface  of  our  planet  is  composed 
of  water  makes  it  habitable.  And,  in  the  view  of  many  marine  biologists, 
the  oceans  are  the  most  immediately  threatened  part  of  the  biosphere. 

It  was  in  the  oceans,  after  the  secular  downpour  of  the  early  rains, 
that  life  first  began  to  stir,  shielded  by  the  waters  from  the  sun's  irresist- 
ible radiation.  It  was  from  the  oceans  that  plants  and  animals  emerged 
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to  colonize  the  land  surface  of  the  planet.  It  is  the  oceans  today  that 
provide  the  water  vapor  which,  drawn  up  by  the  sun,  falls  upon  the  earth 
in  harvest-bringing,  life-sustaining  rain.  Ocean  water  is  our  planet's 
filtering  system  where  all  debris,  both  mineral  and  biological,  is  dis- 
solved, decomposed,  and  transformed  into  life-supporting  substances.  It 
is  the  universal  global  sink,  a  vast  septic  tank  from  which  clean  water 
returns  to  man,  beast,  and  plants  by  way  of  evaporation  and  precipita- 
tion. It  is  a  major  provider  of  the  oxygen  released  by  its  phytoplankton 
for  the  benefit  of  all  the  species  of  land,  air,  and  sea — breathing  with 
lungs  and  gills.  Without  water's  special  qualities  for  holding  heat,  much 
of  the  earth  would  be  uninhabitable.  The  oceans  are  the  coolants  of  the 
tropics,  the  bringers  of  warm  currents  to  cold  regions,  the  universal 
moderators  of  temperature  throughout  the  globe. 

In  more  mundane  ways,  too,  the  oceans  are  indispensable  to  man. 
For  good  and  ill,  they  first  created  the  world-wide  currents  of  seaborne 
trade  which,  since  the  fifteenth  century,  have  steadily  drawn  our  planet 
into  a  single  economic  system.  And  they  still  produce,  for  the  globe's 
rising  population,  a  vast  harvest  of  indispensable  protein.  In  1969,  63 
million  metric  tons  offish  came  from  the  sea.  This  is  estimated  to  be  only 
approximately  one-fifth  of  the  oceans'  production.  But  most  of  it  is 
deeper  than  can  be  fished  economically  with  present  equipment.  Even  so, 
the  seas'  fish  harvest  within  its  present  rate  of  productivity  could  perhaps 
be  tripled  and  an  added  100  million  tons,  properly  distributed,  could 
provide  some  20  million  extra  tons  of  protein  annually  to  offset  the 
deficiency  which  threatens  so  many  of  the  planet's  children  over  the  next 
three  decades. 

Incidentally,  one  of  the  world  economy's  most  unacceptable  diver- 
sions of  resources  is  that  at  least  50  per  cent  of  the  fish  catch  which  today 
is  converted  to  fish  meal  ends  up  feeding  pigs  and  chickens  in  developed 
lands.  If  turned  directly  to  human  use,  fish  could  make  up  part  of  a 
protein  diet  for  the  world's  children  at  an  annual  cost  of  no  more  than 
S8  a  child.  Thirty  years  ago,  only  10  per  cent  of  the  fish  catch  was  diverted 
from  human  consumption.  It  is  a  sobering  commentary  on  the  humanity 
of  our  world  economy  that  "developed"  animal  pets  have  the  chance  of 
a  better  diet  than  all  too  many  "developing"  babies. 

As  in  the  airs  and  climates,  the  ocean  system  must  seem,  at  first 
thought,  to  be  infinitely  beyond  the  reach  of  man's  puny  influence. 
Whether  we  see  it  as  the  sacral  cleanser  of  "Earth's  human  shores"  or 
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the  cruel  "widowmaker"  of  a  million  shipwrecks,  hurricanes,  and  ty- 
phoons, it  is  restlessly  powerful,  serenely  or  menacingly  indifferent  to  all 
the  busy  activities  men  seek  to  pursue  in  and  under  its  buoyant,  treacher- 
ous waves. 

In  fact,  men  are  still  under  the  strong  influence  of  the  medieval 
concept  of  an  endless  ocean.  We  all  tend  to  feel  that  once  a  polluted  river 
empties  into  the  open  sea,  once  we  conduct  city  sewer  systems  far  enough 
away  from  land,  all  industrial  and  urban  discharge  will  disappear  some- 
how into  blue  space  beyond  the  horizon,  as  if  we  pipe  it  away  from  our 
own  planet.  We  seem  in  this  conception  of  the  ocean  to  forget  for  a 
moment  that  the  world  is  round  and  without  edges.  The  first  and  only 
refuse  man  has  ever  disposed  of  outside  his  own  biosphere  is  what  was 
recently  parked  on  the  moon.  Every  ounce  hitherto  dumped  or  chan- 
neled into  the  sea,  from  the  very  morning  of  time  until  the  modern  age 
of  general  industrialization,  has  accumulated  in  one  form  or  another 
inside  the  same  landlocked  sea,  the  lowest  section  of  our  biosphere  and 
the- only  one  with  no  outlet  for  refuse.  Standing  on  the  beach  gazing 
toward  the  horizon  where  blue  sea  runs  into  blue  space,  we  have  not  quite 
digested  the  message  from  the  countless  twentieth-century  voyagers 
who,  every  year,  cross  the  ocean  from  continent  to  continent,  or  the 
astronauts  who  see  the  whole  planet  from  above,  all  giving  their  witness 
that  the  ocean  has  none  of  the  infinitude  we  give  it  in  our  dreams. 

Lake  Erie  is  grossly  polluted,  to  a  level  one  would  have  thought 
impossible  a  few  decades  ago.  Take  ten  Lake  Erics  and  place  them  end 
to  end  and  they  will  span  the  Atlantic  Ocean.  But  the  ocean  is  much 
deeper  and  spreads  in  all  directions,  we  may  reply.  Yes,  but  Lake  Erie 
has  an  ever-running  outlet  and  hardly  half  a  dozen  major  cities  to  pollute 
it.  The  ocean,  however,  daily  receives  and  never  returns  the  outlet  from 
Lake  Erie  and  thousands  of  other  polluted  lakes  and  rivers  all  over  the 
world,  and  directly  or  indirectly  the  sewers  and  fallout  from  all  the 
world's  countless  cities  and  all  farmlands  and  all  the  industry.  Instead 
of  running  into  blue  space,  the  oceans  are  landlocked  and,  if  we  go  far 
enough  in  any  direction,  they  are  completely  interlocked  and  share  the 
rapidly  accumulating  pollution  among  them. 

To  tfiis  we  must  add  that  the  waters  most  important  to  man  are  those 
most  rapidly  polluted:  the  layer  nearest  the  surface  and  the  coastal  and 
estuarine  zones.  The  bulk  of  plankton  and  other  marine  life  dependent 
on  photosynthesis  is  concentrated  in  an  upper  layer  of  ocean  water  no 
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deeper  than  the  great  lakes.  In  fact,  about  80  per  cent  of  the  world's  fish 
catch  is  derived  from  waters  less  than  200  meters  deep,  which  corre- 
sponds to  half  the  depth  of  Lake  Superior.  Again,  this  concentration  of 
biological  life  near  the  surface  is  further  amplified  next  to  land.  An 
estimated  90  per  cent  of  all  marine  life  is  concentrated  above  the  conti- 
nental shelves,  which  represent  only  about  10  per  cent  of  the  total  ocean 
area.  Plankton  and  fish  indispensable  for  life  on  earth  are  thus  concen- 
trated in  the  ocean  water  most  vulnerable  to  man's  activities.  There  are 
fish  outside  and  below  these  areas  of  high  concentration,  but  in  greatly 
reduced  quantities,  and  also  below  the  reach  of  nets;  1000  meters  is  fairly 
generally  held  to  be  the  outside  commercial  limit. 

Thus,  while  we  have  to  readjust  drastically  our  erroneous  conception 
of  an  endless  ocean  invulnerable  to  the  combined  refuse  of  all  men  on 
earth,  we  must  also  face  the  fact  that  there  are  leverage  points,  areas  near 
the  surface  and  near  the  coasts  in  which  human  actions  very  soon  can 
become  sufficiently  concerted  to  have  lasting  destructive  effects.  Even 
deep-sea  species  are  dependent  on  the  exposed  coastal  zones. 

Estuaries  and  shorelines  are  almost  without  exception  the  spawning 
grounds  for  fish,  some  of  which  migrate  over  vast  distances  to  swim  back 
up  the  same  rivers  when  spawning  time  returns.  It  is  also  at  the  level 
where  land  and  sea  meet  that  the  most  hopeful  areas  lie  for  any  very  great 
increase  in  "managed"  fish  cultures  with  the  purposeful  use  of  nutrients 
and  heat  to  increase  the  fish  catch  in  a  systematic  way.  Shellfish,  for 
instance,  can  be  encouraged  to  double  their  output  if  the  velocity  of  water 
round  their  beds  can  be  increased.  Hot  water  effluents  from  power  sta- 
tions, which  damage  some  kinds  of  marine  life,  can  be  helpful  to  others. 
Shrimp  harvests,  for  instance,  appear  to  be  responding  to  a  managed  use 
of  heat. 

Coastal  waters  are  not  only  useful  to  man  for  food.  They  provide  him 
with  some  of  his  favorite  recreations.  The  annual  day  at  the  seaside  was 
the  supreme  break  from  nineteenth-century  dirt  and  toil.  Two  weeks  on 
a  packaged  tour  to  Majorca  or  the  Black  Sea  are  the  modem  equivalents. 
Swimming,  boating,  skin  diving,  speedboating,  fishing — the  millions 
upon  millions  of  tourists  who  get  into  motion  as  summer  comes  on 
usually  end  up  with  one  toe  in  salt  water.  As  leisure  increases,  the  s^s' 
importance  for  vacationers  grows  in  the  same  degree. 

And  it  is  precisely  the  coasts  and  estuarine  waters  that  are  becoming 
steadily  less  usable  for  human  purposes.  Whatever  awe  man  may  feel  at 
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the  majesty  and  magnificence  of  his  planet's  seascapes,  he  goes  on  treat- 
ing the  ocean  as  a  sewer.  In  many  lands  there  are  heavy  concentrations 
of  population  near  the  sea.  A  very  large  part  of  domestic  sewage  is  simply 
dumped  directly  into  the  sea  with  minimal  or  no  treatment.  In  addition, 
industry  contributes  a  steady  quota  of  heavy  metals,  inorganic  materials, 
and,  on  occasion,  radioactive  waste.  Rivers,  too,  add  their  effluents 
whenever,  as  is  the  common  practice,  they  have  been  used  as  drains. 

Rivers  also  bring  down  some  of  the  run-off  from  fertilizers.  And 
pesticides  used  in  agriculture,  above  all,  the  chlorinated  hydrocarbons, 
such  as  DDT,  are  carried  out  to  the  ocean,  where,  following  the  currents 
and  concentrating  as  they  go  up  the  marine  food  chain,  they  affect 
animals  even  in  the  areas  most  remote  from  agricultural  activity,  like  the 
polar  regions.  Chlorinated  hydrocarbons  sprayed  by  man  as  pesticides 
in  farmlands  turn  up  producing  unhatchable  eggs  from  the  bald  eagle, 
the  peregrine  falcon,  and  other  species.  They  accumulate  in  the  organs 
of  polar  bears.  When  twenty  whales  born  and  bred  in  the  east  Greenland 
current  coming  from  the  North  Pole  were  recently  harpooned  for  test 
purposes,  six  identifiable  pesticides  including  DDT  were  found  in  the 
blubber  of  all  of  them. 

Apart  from  the  toxic  influx  of  global  range,  other  pollutants  have 
roughly  the  same  effect  on  coastal  waters  as  they  have  in  rivers  and  lakes. 
The  nutrients  from  domestic  sewage  and  agricultural  wastes  tend  to 
overfertilize  inshore  waters.  Blooms  of  marine  plants  become  more  fre- 
quent. A  mixture  of  sewage  and  fertilizer  run-off  increased  the  bacteria 
count  in  New  York  Harbor  ten  times  over  between  the  late  fifties  and 
the  late  sixties.  Where  discharges  take  place  into  closed  seas  like  the 
Baltic  and  the  Mediterranean,  there  is  real  risk  of  producing  perma- 
nently anaerobic  conditions,  in  other  words,  such  a  lack  of  oxygen  that 
only  foul-smelling  marsh  plants  and  animal  life  can  finally  survive.  When 
in  1971  many  Italian  resorts  had  to  close  their  beaches  for  fear  of  wide- 
spread hepatitis,  they  only  gave  a  preview  of  what  might  become  the 
Mediterranean's  universal  condition  after  another  decade  of  inadequate 
sewage  treatment. 

It  is  all  too  often  the  coasts  which  chiefly  suffer  from  the  pollutions 
caused  by  the  drilling  and  transport  of  oil  and  from  the  even  larger 
burdens  brought  to  the  seas  and  rivers  in  industrialized  areas.  Underwa- 
ter drilling  for  oil  is  steadily  increasing  on  the  continental  shelves.  Even 
if,  hitherto,  disasters  such  as  the  massive  oil  leak  in  the  Santa  Barbara 
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Channel  are  rare,  the  expansion  of  underwater  operations  may  increase 
the  risk  of  more  frequent  mishaps  in  the  future.  So  far,  underwater 
driUing  is  largely  carried  out  by  techniques  adapted  from  land-based 
procedures;  blowouts  do  occur  in  land  drills,  but  they  do  so  with  far  less 
disastrous  consequences  than  would  be  the  case  in  coastal  waters  which 
could  spread  the  pollutants  with  every  force  of  wind  and  tide  and  cur- 
rent. At  present,  only  17  per  cent  of  the  world's  oil  supplies  come  from 
offshore  drillings.  By  1980,  offshore  production  is  expected  to  rise  to  50 
per  cent  of  the  oil  produced  from  all  sources  in  1970.  Such  rapid  expan- 
sion carries  with  it  a  danger  of  more  frequent  spills,  more  fouled  beaches, 
more  depletion  of  estuarine  hatcheries,  more  birds  and  fishes  dead  in  the 
slicks  of  oil. 

It  is  also,  as  the  disaster  of  the  Torrey  Canyon  so  visibly  illustrated, 
in  coastal  waters  that  there  is  the  greatest  risk  of  groundings  and  colli- 
sions of  tankers  which  release  oil  to  the  seas  and  beaches.  Nearly  all  the 
major  tanker  routes  lie  inshore — the  Persian  Gulf,  the  Mediterranean, 
the  western  waters  of  Europe,  the  eastern  waters  of  North  America.  The 
estimates  of  how  much  oil  reaches  the  oceans  from  passing  tankers, 
drilling  rigs,  and  coastal  installations  have  varied  from  i  to  10  million  tons 
annually  but  an  expert  group  reporting  to  the  Secretary  General  of  the 
United  Nations  recently  estimated  that  2  million  tons  are  reaching  the 
oceans  every  year  despite  conventions  regulating  oil  emissions. 

Another  possible  danger  lies  in  the  astonishing  growth  in  the  pro- 
posed size  of  tankers.  Only  five  years  ago,  the  average  tanker  was  12,000 
to  13,000  tons.  There  are  now  four  tankers  in  operation  of  325,000  tons. 
Future  plans  point  to  monsters  of  800,000  tons.  A  single  disaster  with 
one  of  these  giants  releasing  all  its  oil  would  increase  by  25  per  cent  the- 
total  pollution  of  the  seas  in  that  year.  On  the  other  hand,  given  the 
shortage  of  skilled  crews  and  the  fact  that  large  tankers  can  absorb  the 
cost  of  sophisticated  oil-handling  equipment,  there  is  a  case  to  be  made 
for  the  possibility  that  larger  tankers  will  be  better  serviced  and  so 
consequently  safer  than  smaller  ones. 

Since  1964,  major  progress  in  restraining  pollution  from  tanker  opera- 
tion has  been  achieved  with  the  development  of  the  "load  on  top"  system. 
Tankers  returning  from  their  delivery  point  normally  carry  a  ballast  of 
sea  water  and  clean  their  tanks  and  bilges  at  sea.  The  previous  practice 
was  for  tankers  nearing  the  end  of  their  return  voyage  to  discharge  their 
ballast — oily  wastes,  sludge,  and  all — into  the  sea.  Now,  equipment  on 
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board  and  new  facilities  in  port  allow  tanks  to  be  cleaned  at  sea  and  the 
residues  off-loaded  on  return  to  harbor.  The  ballast  must  still  be  dis- 
charged at  sea,  but  with  far  less  pollution — how  much  less  depending  on 
factors  like  the  length  of  voyage,  temperature,  and  efficiency  of  the  crew. 
The  adoption  of  this  procedure  by  80  per  cent  of  the  world's  tanker  fleet 
has  reduced  the  amount  of  oil  intentionally  discharged  into  the  ocean  by 
2  to  3  million  tons  a  year.  Extension  of  this  practice  to  the  rest  of  the 
world  fleet  could  reduce  the  current  i  million  tons  deliberately  dis- 
charged to  a  theoretical  minimum  of  about  100,000  tons. 

Oil  pollution  is  more  than  a  coastal  problem.  It  is  a  consequence  of 
the  fact  that  man  uses  the  whole  oceans  as  a  receptacle  for  unwanted 
materials  and  wastes.  Here  we  confront  a  difficulty.  We  do  not  know  how 
much  is  being  poured  into  the  oceans.  We  do  not  know  how  much  they 
can  stand.  At  least,  in  coastal  areas,  we  can  see — and  smell — a  clear  and 
present  danger  and  make  some  estimates  of  the  costs  of  the  damage  and 
the  expenditures  needed  to  remedy  them.  The  British  taxpayer  has  some 
idea  of  how  many  millions  he  had  to  pay  to  clean  up  after  the  Torrey 
Canyon.  Hoteliers  can  estimate  their  losses  as  beaches  close  in  the  wake 
of  hepatitis.  A  balance  sheet  can  be  roughly  drawn  up  between  the 
decline  in  salmon  and  the  rise  in  shrimps — although  salmon's  migratory 
habits  make  this  a  devious  international  calculus  of  profit  and  loss.  But 
once  we  get  away  from  the  shores  and  from  reasonably  measurable  and 
observable  effects,  we  enter  a  world  almost  as  dark  as  the  ocean  deeps. 

Now  it  is  perfectly  true  that  nature  itself  uses  the  oceans  as  a  dump. 
Every  year  the  rivers  of  the  world  wash  down  into  the  oceans  enormous 
quantities  of  minerals  which  are  diluted  or  oxidized  on  the  surface  or 
sink  to  the  bottom.  Estimates  made  in  the  mid-sixties  suggest  that  every 
year,  nature,  by  its  own  unaided  efforts,  flushes  some  25  million  metric 
tons  of  iron  into  the  seas  and  l  'tween  300,000  and  400,000  tons  of 
manganese,  copper,  and  zinc.  In  addition,  lead  and  phosphorus  each 
provide  180,000  tons  and  mercury  3,000  tons.  The  point  about  these  last 
three  elements  is  their  toxic  effect.  Lead  and  mercury  are  lethal  poisons; 
phosphorus  contributes  to  algae  blooms.  To  these  natural  flows  we  must 
.now  add  the  vast  and  accelerated  run-off  from  modern  technology.  This 
inevitably  increases  greatly  the  flow  of  minerals  to  the  final  dump  of  the 
ocean.  And  these  levels  prevail  at  a  time  when  only  one-third  of 
humanity  has  fully  entered  the  industrial  era.  Extrapolations  of  compa- 
rable output  and  run-off  to  match  rising  world  activity  would  mean  a 
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sobering  amount  of  toxic  substances  in  the  oceans  by  the  year  2000, 
simply  as  a  likely  by-product  of  the  more  or  less  casual  disposal  of 
industrial  wastes. 

And  to  this  we  must  add  the  very  far  from  casual  dumping  to  which 
the  oceans  are  exposed.  Once  again,  we  are  in  very  great  darkness.  Every 
now  and  then  a  sensational  fish  kill  reveals  that  old  canisters  full  of 
mustard  gas  have  at  last  eroded  as  a  legacy  of  the  First  World  War.  The 
much-publicized  dumping  by  the  United  States  Army  of  containers  of 
deadly  nerve  gas  off  the  Bahamas  in  1970  is  remarkable  chiefly  for  that 
publicity.  One  may  wonder  whether  all  miUtary  estabHshments  resist  the 
temptation  to  dump  their  poisons  under  the  cloak  of  national  se'curity. 

But  this  is  not  simply  a  military  game.  Some  municipalities  regularly 
dump  their  sewage  in  nearby  stretches  of  international  water.  New  York 
City  has  created  a  "dead  sea"  at  the  approaches  to  the  harbor  by  dump- 
ing massive  amounts  of  sewage  sludge  there  for  the  last  two  decades. 

As  nuclear  power  generation  increases,  most  nuclear  nations  are 
likely  to  drop  into  the  oceans  more  of  those  hopefully  secure  stainless- 
steel  containers  loaded  with  radioactive  wastes.  But  a  lot  of  industrial 
dumping  is  much  more  casual.  In  1970  only  the  alertness  of  the  official 
maritime  authorities  in  Norway  exposed  the  practice  of  a  number  of 
European  plastics  manufacturers  of  dropping  their  most  poisonous  efflu- 
ents m  containers  in  the  North  Sea. 

Nor  is  secrecy  the  only  source  of  ignorance.  We  still  know  very  little 
about  the  processes  by  which  the  oceans  detoxify,  evaporate,  or  absorb 
the  massive  wastes  which  flow  into  them.  The  various  components  of  oil, 
for  instance,  difler  greatly  in  durability  and  toxic  effect.  They  differ  too, 
in  their  response  to  temperature.  Heat  and  oxidation  are  prime  factors 
in  dispersing  oil's  by-products.  But  in  Arctic  regions,  frozen  waters  and 
sub-zero  air  may  keep  oil  spills  or  leakages  intact  for  half  a  century.  We 
also  know  little  about  the  deeper  movements  of  currents  in  the  oceans. 
It  is  not  impossible  that  canisters  of  poisonous  toxins  disposed  of  in 
supposedly  safe  ocean  trenches  and  deeps  may,  for  all  we  know,  be 
swirled  across  the  ocean  floors  to  end  up,  broken  and  leaking,  on  the 
rocky  coasts  of  distant  continents. 

There  is,  in  short,  no  escape  from  the  underlying  unity  and  intercon- 
nection of  man's  ocean  world.  Seas  and  oceans,  like  the  airs  above, 
mingle  with  each  other,  pass  on  each  other's  burdens,  cleanse  or  poison 
each  other,  move  in  steady  currents  and  unpredictable  tempests  to  weave 
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a  seamless  watery  web.  Their  rains  fall  on  the  just  and  unjust.  Their  tides 
sweep  every  human  shore.  Sovereign  governments  may  proclaim  their 
sovereign  national  control  over  their  own  territories.  But  the  airs  bring 
in  the  acid  rain.  The  oceans  roll  in  the  toxic  substances.  Pollution  moves 
from  continent  to  continent.  And  what  is  territorial  water  off  Peru  today 
becomes  territorial  water  off  Polynesia  a  few  weeks  hence.  It  is,  above 
all,  at  the  edge  of  the  sea  that  the  pretensions  of  sovereignty  cease  and 
the  fact  of  a  shared  biosphere  begins,  more  strongly  with  each  passing 
decade,  to  assert  its  inescapable  reality. 

The  governments'  response  to  this  imperative  has  been  to  move 
hesitantly  into  limited  conventions  and  agreements  with  other  nations  to 
lessen  the  risks  of  degrading  the  oceans.  The  examples  are  beginning  to 
multiply.  Take,  first  of  all,  the  question  of  pollution  by  oil.  The  nations 
have  taken  some  preliminary  steps  to  check  it.  The  International  Mari- 
time Consultative  Organization  (IMCO)  has  been  instrumental  in  work- 
ing out  a  Convention  for  the  Prevention  of  Pollution  of  the  Sea  by  Oil, 
negotiated  in  1954  and  amended  in  1962,  limiting  the  rights  of  ships  to 
discharge  oil,  prescribing  safety  features  for  vessels,  and  providing  for 
rights  of  inspection.  In  1958,  two  conventions,  on  the  High  Seas  and  the 
Continental  Shelf,  included  provisions  to  keep  oil  from  damaging  the 
marine  environment.  Then  in  1969,  in  the  aftermath  of  the  Torrey  Canyon 
disaster,  further  conventions  were  negotiated — the  Brussels  Convention 
Relating  to  Intervention  on  the  High  Seas  in  Cases  of  Oil  Pollution 
Casualties  and  the  Convention  on  Civil  Liability  for  Oil  Pollution  Dam- 
age. 

In  two  related  areas  of  possible  pollution — the  disposal  of  radioactive 
wastes  and  the  dumping  of  toxic  chemicals — the  need  for  international 
action  is  also  recognized  and  beginning  to  emerge.  At  present,  the  num- 
ber of  states  conducting  nuclear  programs  and  facing  a  problem  in  the 
disposal  of  radioactive  wastes  is  very  small.  The  United  States  has  re- 
cently discontinued  the  practice  of  disposing  of  radioactive  wastes  at  sea. 
But  by  1980  the  world  output  of  nuclear  energy  may  be  ten  times  larger 
than  it  is  today  and  a  dozen  or  more  nations  may  have  begun  production 
of  power  from  nuclear  reactors.  The  International  Atomic  Energy 
Agency  has  started,  under  the  general  authority  of  the  1958  High  Seas 
Convention,  to  lay  down  standards  for  the  disposal  of  nuclear  wastes  in 
the  sea,  for  the  safe  transport  of  radioactive  materials,  for  the  surveying 
and  monitoring  levels  of  radioactivity,  and  for  safety  regulations  in  ports 
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and  approaches  used  by  nuclear  merchant  vessels.  So  far  no  regulatory 
actions  have  been  taken,  but  on  a  regional  level,  the  European  Nuclear 
Energy  Agency  has  supervised  the  dumping  of  radioactive  wastes. 

A  similar  process  has  been  set  in  motion  to  cover  the  disposal  of  toxic 
chemicals.  A  Convention  on  the  Control  of  Marine  Pollution  by  Dump- 
ing from  Ships  and  Aircrafts,  banning  the  dumping  of  some  substances 
and  controlling  others,  has  been  prepared  for  adherence  by  nations 
bordering  the  northeastern  Atlantic.  A  proposed  international  conven- 
tion would  forbid  dumping  of  toxic  wastes  at  sea  without  a  governmental 
permit  which  would  be  issued  only  after  a  full  statement  of  the  nature 
of  the  wastes,  their  volume,  the  proposed  methods  of  transportation,  and 
the  place  where  dumping  is  to  take  place.  The  information  would,  in 
addition,  be  passed  on  to  a  central  international  register  so  that  the  basis 
would  exist  for  a  continuous  check  on  the  scale  of  toxicity  of  the  materi- 
als the  oceans  are  being  compelled  to  absorb.  Such  a  register  is,  inciden- 
tally, still  lacking  for  international  dumping  of  oil  from  bilges  and  for  the 
disposal  of  atomic  wastes. 

The  limitations  in  these  arrangements  are  clear  enough.  They  all 
depend  upon  the  voluntary  cooperation  of  governments  in  imposing 
standards  on  their  citizens.  Better  safety  regulations  and  higher  insur- 
ance— like  superior  navigational  aids  or  better  standards  for  the  ship's 
crew — cost  more  money.  There  is  thus  a  standing  temptation  to  shipping 
companies  to  cut  corners  and  costs  and  in  this  way  gain  a  competitive 
advantage.  In  fact,  the  existence  of  "flags  of  convenience"  by  which 
shipowners  register  with  Panama,  Honduras,  and  Liberia  precisely  to 
avoid  national  regulations — the  Torrey  Canyon  had  Liberian  registration 
— does  not  exactly  promise  total  compliance  with  international  stand- 
ards. Indeed,  more  than  ten  years  after  the  drawing  up  of  the  various 
conventions  regulating  oil  emissions,  as  we  have  seen,  at  least  two  million 
tons  of  oil  are  still  leaked  to  the  sea  each  year. 

For  this  reason,  some  governments  are  considering  more  seriously 
means  of  using  both  carrots  and  sticks — positive  actions  to  get  a  better 
control  of  oceanic  pollution,  more  effective  deterrents  against  antiplane- 
tary  behavior.  On  the  positive  side  there  is,  for  instance,  clearly  scope  for 
joint  international  action  to  move  in,  in  a  concerted  way,  on  any  large 
oil  spill.  Although  no  means  are  yet  in  sight  for  cleaning  up  the  diffused 
global  drift  of  oil  clots  from  routine  tank  washings,  methods  and  devices 
are  being  introduced  by  some  nations  to  fight  concentrated  oil  spills  due 
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to  accidents.  The  Soviet  Union  has  developed  a  special  ship  which  is 
capable  of  skimming  7  tons  an  hour  off  the  surface  of  the  water.  The 
Americans  are  working  on  an  Air-Deliverable  Transfer  System  complete 
with  portable  pumps  and  huge  plastic  bladders  to  contain  the  slicks.  This 
can,  apparently,  go  into  operation  within  four  hours  of  receiving  a  dis- 
tress call  and  pump  out  20,000  tons  of  oil  within  twenty-four  hours  of 
the  signal.  Such  systems  could  be  situated  at  strategic  points  along  the 
oil  routes  and  be  ready  on  call.  The  suggestion  has  been  made  that  their 
costs  might  be  covered  by  a  world  insurance  system.  In  this  way,  poor 
countries  with  coastlines  as  exposed  as  any  other  to  the  risk  of  massive 
pollution  would  not  have  to  foot  an  impossible  bill  in  cleaning  up  the 
mess. 

This  possibility  is  enhanced  by  another  international  development — 
the  use  of  satellites  as  navigational  guides.  A  ship  in  presatellite  days 
would  be  lucky  if  it  could  get  within  a  half  mile  of  reporting  its  correct 
position.  Now  the  pinpointing  is  so  exact  that  men  can  return  from  the 
moon  and  splash  down  within  a  mile  of  the  waiting  helicopters.  Acciden- 
tal spills  could  be  as  exactly  located  and  then  speedily  attacked.  In  fact, 
the  question  is  beginning  to  be  asked  whether  the  international  commu- 
nity would  not  be  wise  to  transfer  to  the  major  trade  routes  the  system 
now  operating  in  the  air — of  traffic  corridors  into  which  craft  come  and 
then  vary  their  pace  only  on  permission  from  ground  control.  It  has  now 
been  agreed  that,  in  such  an  area  of  total  congestion  as  the  English 
Channel,  ships  must  observe  specific  shipping  lanes.  The  principle  could 
be  capable  of  useful  extension.  Moreover,  satellite  observers  may  before 
long  be  in  a  position  to  identify  and  photograph  delinquent  dumping  of 
all  kinds. 

These  activities  have  led  to  increasing  interest  in  the  possibility  of 
some  kind  of  international  authority  which  could,  on  behalf  of  govern- 
ments, oversee  safety  controls,  set  in  motion  disaster  operations,  and 
'exercise  a  general  policing  function  to  see  that  ships  do  in  fact  obey  the 
regulations  laid  down  in  the  international  conventions  to  which  govern- 
ments have  agreed.  Since  there  is  no  sovereignty  over  the  oceans — 
outside  the  ominously  growing  "national  waters" — an  authority  of  the 
kind  discussed  could  preserve  the  largest  and  least  divisible  part  of  man's 
planetary  inheritance  from  the  tribal  squabbles  and  national  divisions 
which  have  wasted,  ruined,  and  soaked  in  blood  so  much  of  his  territorial 
patrimony. 
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More  comprehensive  proposals  have  in  fact  been  put  forward  to  vest 
an  international  authority  v^'ith  supervisory  rights  over  all  waters  beyond 
the  depth  of  200  meters  and  to  include  in  those  rights  control  over  the 
seabed,  supervision  of  the  disarmament  proposals  already  agreed  for  it, 
and  perhaps  disposal  of  whatever  riches  may  be  found  there  later.  On  this 
last  point  conflicts  have  arisen  between  states  that  wish  to  secure  for 
themselves  the  minerals  that  may  lie  on  contiguous  continental  shelv.es 
beyond  the  200-meter  line  and  the  wider  proposal  that  the  potential 
wealth  be  held  in  trust  f  all  the  developing  peoples.  As  methods  of 
deep-sea  mining  extend  the  range  of  possible  extraction,  the  division 
could  become  more  acute.  There  is,  therefore,  all  the  more  reason  for 
reaching  international  agreement  on  jurisdiction  before  further  advances 
to  take  over  the  last  remaining  areas  in  which  the  seamless  web  of  air 
and  water,  of  moving  currents  and  great  tides  still  lives  and  moves  in  its 
fundamental  unity,  still  able  to  serve  not  this  or  that  divisive  interest  by 
the  common  needs  of  all  mankind. 

The  importance  of  this  issue  to  the  whole  question  of  a  workable 
planetary  system  can  be  underlined  by  reference  to  another  potential  area 
of  responsibility  for  a  possible  maritime  authority — monitoring  the 
oceans  from  a  series  of  regional  research  stations,  with  universally  ac- 
cepted standards  and  with  total  availability  of  the  results  to  all  govern- 
ments, research  bodies,  and  citizen  groups.  As  we  have  seen,  both  with 
radioactive  wastes  and  with  dumping,  we  do  not  know  the  cumulative 
effect  of  what  we  are  doing.  It  may  seem  inconceivable  that  a  system  as 
vast  as  the  planet's  interconnected  seas,  covering  70  per  cent  of  the 
earth's  surface  and  in  constant  interchange  with  the  atmosphere  and 
with  the  land  masses  about  it,  could  ever  be  vitally  or  irreversibly  affected 
by  human  activities.  But  an  international  body  of  marine  biologists 
assembled  at  the  1971  Pacem  in  Maribus  Conference  concluded  unani- 
mously that  marine  life  was  in  serious  danger  of  destruction  by  pollution. 
Just  as  the  balance  in  the  atmosphere  between  planetary  heating  up  and 
planetary  cooling  down  is  incredibly  delicate,  it  may  be  that  among  the 
thermal  exchanges  of  the  great  currents  or  the  trace  elements  of  critical 
minerals  or  the  unimpeded  living  and  breathing  of  minute  phytoplank- 
ton,  there  are  thresholds  of  stability  which  man  could  cross  only  at  the 
risk  of  disaster.  We  are  ignorant  of  all  this.  But  as  the  weight  we  impose 
on  both  our  airs  and  oceans  steadily  increases — the  effluents,  the  trans- 
port, the  recreation,  the  sheer  pressure  of  multiplying  populations — we 
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have  to  know.  And  one  of  the  principal  ways  in  which  a  useful  and 
reliable  body  of  knowledge  can  be  built  up  is  by  a  very  great  increase  in 
atmosphere  and  oceanic  monitoring  and  by  provision  for  international 
teams  of  experts  to  assess  and  interpret  the  facts  on  both  global  and 
regional  bases. 

The  need  for  internationalizing  such  procedures  was  brought  out 
clearly  in  the  summer  of  1971  when  the  Working  Group  on  Marine 
Pollution  met  in  London  to  prepare  proposals  for  the  Stockholm  Confer- 
ence on  the  Human  Environment.  At  that  meeting,  eleven  developing 
nations,  drawn  from  Latin  America,  Africa,  and  Asia,  called  for  a  Third 
World  monitoring  system  on  the  grounds  that  any  research  or  survey  of 
world-wide  pollutants  conducted  by  already  developed  powers  could 
evolve  into  a  further  means  of  trade  control  and  protectionism. 

This  is  part  of  a  wider  concern.  The  first  imperative  for  most  develop- 
ing countries  is  still  for  modernization  and  growth.  This  permanent  need 
requires  all  the  resources  available  for  local  use  and  developing  countries 
are  not  likely  to  welcome  the  possibility  of  having  to  share  in  the  cost 
of  cleaning  up  oceanic  pollutions  they  did  not  create.  Moreover,  develop- 
ment requires  larger  opportunities  for  international  trade,  not  more 
restraints.  Some  developing  governments  fear  that  tighter  environmental 
controls  might  be  used  as  further  barriers  to  their  overseas  sales. 

How  do  we  know,  they  argue,  that  this  new  concern  with  the  environ- 
ment is  an  honest  one?  We  have  seen  our  exports  of  foodstuffs  excluded 
from  developed  markets  on  what  has  often  seemed  to  us  dubious,  locally 
determined  rules  about  sanitary  standards.  Will  the  risk  of  DDT  now  be 
used  in  the  same  way?  Will  standards  of  environmental  control  which 
we,  as  underindustrialized  countries,  do  not  yet  require  be  made  the 
precondition  of  admitting  our  exports?  Will  the  development  of  local 
shipping  be  made  even  more  impossibly  expensive  by  the  imposition  of 
insurance  costs  and  antipollution  devices  to  clean  up  oceans  which  richer 
nations  have  corrupted  for  half  a  century  without  a  thought  for  the 
environment?  And  if  standards  are  not  observed,  are  we  as  developing 
nations  likely  to  find  harbors  closed  to  us  and  a  new  range  of  nontariff 
barriers  put  in  the  way  of  our  exports,  which  represent  less  than  20  per 
cent  of  world  trade  and,  in  manufactures,  less  than  5  per  cent? 

The  fact  that  the  developed  nations'  increased  interest  in  the  human 
environment  has  coincided,  among  some  of  the  wealthiest  of  them,  with 
an  apparent  loss  of  concern  for  development  assistance  does  little  to  allay 
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such  fears.  No  doubt  there  are  new  technologies  which  would  permit  the 
developing  countries  to  by-pass  the  pollution  stage  and  leapfrog  into 
clean  processing  and  clean  power.  No  doubt  the  environmental  risks 
inherent  in  building  high  dams  and  jumping  into  the  middle  of  higher 
scientific  monocultures  can  be  offset  by  better  environmental  planning  by 
growing  cadres  of  technical  expertise  and  wider  scientific  know-how.  No 
doubt  a  decentralized  plan  for  new  towns  and  industries  serving  and 
stimulated  by  the  Green  Revolution  offers  a  more  desirable  pattern  than . 
the  likelihood  of  unrestricted,  pell-mell  urbanization  in  the  next  decades. 
No  one  denies  that  there  can  be  better  environmental  answers.  Thfe 
difficulty  is  that  many  of  them  involve  more  capital,  all  of  them  require 
more  skill,  and  none  of  them  seems  to  be  linked  in  any  creative  way  with 
world  strategies  to  permit  developing  countries  to  earn  the  needed  capital 
or  secure  the  extra  skills.  But  at  this  point  the  issues  go  beyond  the 
interdependence  of  nations  in  the  planet's  biosphere.  The  question  turns 
on  whether  the  technosphere — the  constructed  world  order  of  techno- 
logical innovation,  investment  flows,  and  commercial  exchanges — can 
also  be  revised  and  managed  to  recognize  the  interdependence  of  nations 
and  the  underlying  community  of  the  species  man. 
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14  COEXISTENCE  IN  THE 
TECHNOSPHERE 


The  bleak  mathematics  of  population  growth,  of  needed  food  sup- 
plies, of  urban  pressure,  and  of  the  capital  sums  required  to  mitigate  their 
effects  leave  us  in  no  doubt  about  the  threat  to  humanity  in  developing 
lands.  By  the  year  2000,  their  numbers  will  have  grown  by  nearly  three 
billion — or  more  than  doubled  in  thirty  years.  To  keep  pace  with  this 
growth  and  to  ensure  a  modest  increase  of  income  above  the  pitiful  Sioo 
a  year  of  the  great  majority,  governments  must  aim  at  economic  growth 
of  at  least  6  per  cent  a  year.  To  do  this  they  must  push  up  annual  savings 
to  well  above  15  per  cent  a  year  of  gross  national  product  (the  sum  of 
goods  and  services),  and  do  this  in  communities  where,  in  many  cases, 
90  per  cent  of  the  people  live  little  above  margins  of  subsistence.  Since 
much  of  the  equipment,  the  technology,  and  the  skills  they  need  cannot 
yet  be  secured  locally,  parts  of  the  needed  investment  must  be  in  the 
shape  of  foreign  exchange. 

It  is  the  considered  view  of  every  responsible  international  agency  or 
commission  that  these  targets  are  not  attainable  unless  the  developing 
nations  have  much  greater  access  to  developed  markets  and  continue  to 
receive  a  steady,  and  for  a  time  increasing,  flow  of  concessionary  finance 
from  the  already  wealthy  lands. 

The  very  respectable  growth  rates  of  the  last  decade  were,  as  we  have 
seen,  to  some  extent  secured  by  very  large  borrowing  abroad.  Today,  the 
return  flow  of  their  payments  to  developed  countries — of  over  S4  billion 
a  year — is  not  much  less  than  the  concessionary  finance  made  available 
by  developed  countries.  This  has  stuck  fast  at  about  s6  billion  and,  in 
these  times  of  increasingly  inward-looking  economic  policies,  shows  little 
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sign  of  increasing.  Nor  is  the  present  mood  of  industrialized  lands  in- 
clined to  compensate  for  lagging  capital  flows  by  wider  opportunities  for 
trade. 

The  concessions  to  the  developing  world's  manufactured  exports 
negotiated  by  the  United  Nations  Trade  and  Development  Organization 
(UNCTAD)  do  not  amount  to  more  than  a  billion  dollars  a  year.  But 
the  World  Bank  estimates  a  needed  increase  in  exports  from,S7  billion 
to  S28  billion  a  year  by  1980  if  growth  targets  are  to  be  met.  And  all  these 
calculations  were  made  before  any  extra  sums  were  added  for  essential 
environmental  expenditure. 

Were  we  to  take  seriously  just  three  essential  elements  in  a  better 
environment — the  backing  up  of  the  Green  Revolution  by  popular  par- 
ticipation and  technical  expertise,  the  linking  to  it  of  policies  for  decen- 
tralized labor-intensive  industry  and  regional  city  building,  and,  perhaps 
most  urgent  of  all,  world  resources  sufficient  to  improve  diets  and,  in 
particular,  make  good  the  protein  deficiency  among  the  poor  countries' 
children,  we  could  safely  add  another  Sioo  billion  a  year  in  immediately 
necessary  investment  and  at  least  double  the  expert  skills  needed  to 
invest  it  wisely. 

This  is  still  only  half  the  planet's  lamentable  annual  budget  of  S200 
billion  for  arms,  which  absorbs  not  only  resources  but  trained  manpower 
and  scarce  scientific  expertise  as  well.  In  any  case,  a  large  share  of  the 
needed  investment  would  be  provided  by  developing  nations  themselves 
— so  far  75  to  80  per  cent  of  all  investment  for  development  has  been 
raised  locally.  But  the  additional  capital  supplementing  existing  flows  of 
aid  and  backed  by  training  programs  for  development  action  would  bring 
governments  in  developed  lands  to  within  sight  of  the  i  per  cent  of  gross 
national  product  first  suggested  as  the  target  for  assistance  in  1964  and 
half  promised  and  half  forgotten  ever  since.  It  would  also  begin  to 
provide,  both  in  developed  and  developing  lands,  the  expert  cadres 
needed  for  more  rapid  advance. 

But  the  plain  truth  is  that,  on  present  evidence,  neither  the  extra 
funds  nor  the  extra  openings  for  training  nor  the  wider  markets  for  trade 
are  likely  to  be  forthcoming.  Indeed,  a  shrinking  of  existing  opportunities 
is  even  possible.  The  degradation  of  human  conditions  in  developing 
lands  which  must  follow  upon  too  low  a  rate  of  economic  growth  and 
social  transformation  is  therefore  likely  to  deepen  in  the  seventies  and 
to  grow  to  catastrophic  proportions  in  the  1980s. 

As  with  the  developed  nations  at  the  end  of  their  first  thirty  years  of 


946 


rapid  modernization — in  the  "hungry"  1840s — the  obstructions  seem  to 
be  outpacing  the  opportunities,  the  destruction  of  old  ways  appearing 
ahead  of  the  creation  of  the  new.  It  would  be  a  bold  prophet  who,  in  such 
conditions,  could  look  forward  to  anything  but  a  deepening  and  spread- 
ing trend  toward  violence  and  anarchy  in  the  wake  of  growing  resent- 
ment and  disappointed  hope. 

Yet  during  these  same  decades,  there  can  be  no  doubt  that  the 
expectations  of  the  developed  peoples  are  likely  to  be  centered  on  rising 
incomes  and  continued  prosperity.  If  we  carry  on  the  curve  of  the  1950s 
and  1960s,  we  can  easily  forecast  annual  per  capita  incomes  approaching 
$10,000  by  the  year  2000,  and  in  the  upper  brackets,  the  two-home, 
three-car,  four-TV-set  family  as  the  norm.  Such  standards  could  be  the 
lot  of  a  privileged  elite  of  some  one  and  a  half  billion  developed  peoples 
while  for  five  billion  others,  an  average  income  of  S400  a  year  is  the 
utmost  reach  of  hope.  And  they,  too,  might  be  something  of  an  elite  while 
at  the  bottom  of  the  social  pyramid  millions  would  be  stunted  by  malnu- 
trition and  millions  more  scratching  a  bare  living  in  filthy,  workless  cities 
and  disintegrating  countrysides.  If  developing  peoples  were  as  ignorant 
as  Pharaoh's  slaves  of  how  "the  other  half"  lives,  they  might  toil  on 
without  protest.  But  the  transistor  and  the  satellites  and  world-wide  TV 
have  put  an  end  to  that  kind  of  ignorance.  Can  we  rationally  suppose  that 
they  will  accept  a  world  "half  slave,  half  free,"  half  plunged  in  consump- 
tive pleasures,  half  deprived  of  the  bare  decencies  of  life?  Can  we  hope 
that  the  protest  of  the  dispossessed  will  not  erupt  into  local  conflict  and 
widening  unrest? 

Meanwhile,  only  a  rough  equilibrium  of  power,  a  precarious  "balance 
of  terror,"  underlies  the  relations  of  the  world's  great  powers.  It  is  only 
with  difficulty  that  they  can  avoid  being  drawn  into  local  conflicts  and 
the  more  the  conflicts  erupt,  the  more  their  wisdom,  diplomacy,  and 
restraint  may  be  taxed  by  the  mounting  pressures.  Even  today  their  fears 
are  expressed  in  elaborate  and  still-proliferating  weapon  systems,  in 
underground  nuclear  testing.  Some  powers,  tragically,  are  still  continu- 
ing to  test  in  the  air.  These  fears  underlie  the  most  dangerous  of  all 
pollutions,  indiscriminate  radiation,  and  could,  if  they  escalate  into  a 
total  confrontation,  undermine  all  organized  living  and  inflict  grave, 
perhaps  irreversible  genetic  damage  on  the  few  pitiful  specimens  who 
might  survive  the  blast,  the  radiation,  and  the  consequent  visitations  of 
world-wide  famine  and  plague. 

It  is  sometimes  said  of  those  who  try  to  persuade  man  of  his  environ- 
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mental  predicament  that  they  pamt  a  picture  so  gloomy  and  irreversible 
that  the  average  citizen's  response  is  to  go  out  and  buy  a  can  of  beer.  If 
nothing  can  be  done  to  escape  the  onward  rush  of  some  irresistible 
eco-doom,  then  why  take  the  trouble  even  to  return  the  can?  But  indeed 
over  a  vast  range  of  environmental  problems,  action  is  possible,  policies 
are  available,  reversals  can  take  place,  water  run  clean,  the  sun  shine 
over  clear  cities,  the  oceans  cleanse  our  human  shores,  and  harvests  ripen 
in  uncontaminated  fields. 

Indeed,  some  nations  and  other  jurisdictions  already  are  launched  on 
effective  planning  and  pollution-control  programs.  Already  some  cities 
enjoy  cleaner  air  than  they  knew  three  or  four  decades  ago.  Rivers  are 
being  cleaned  up  and  fish  are  returning  to  them.  There  are  places  where 
rangelands  are  managed  properly,  where  soil  erosion  has  been  stopped, 
wildlife  is  preserved  and  timberland  carefully  reforested.  There  are  even 
examples  of  reversing  the  deterioration  of  inner  cities.  And  all  this  has 
been  done  within  the  limits  of  existing  knowledge,  known  techniques, 
and  institutional  capabilities.  There  is,  in  fact,  only  one  place  where  fear 
and  doom  are  truly  appropriate  and  that  is  when  we  confront  man's 
oldest  habit  and  most  terrible  institution — the  organized,  systematic 
killing  of  his  own  kind. 
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15  STRATEGIES  FOR  SURVIVAL 


The  Need  for  Knowledge 

But  we  are  not  sleepwalkers  or  sheep.  If  men  have  not  hitherto 
realized  the  extent  of  their  planetary  interdependence,  it  was  in  part  at 
least  because,  in  clear,  precise  physical  and  scientific  fact,  it  did  not  yet 
exist.  The  new  insights  of  our  fundamental  condition  can  also  become 
the  insights  of  our  survival.  We  may  be  learning  just  in  time. 

There  are  three  clear  fields  in  which  we  can  already  begin  to  perceive 
the  direction  in  which  our  planetary  policies  have  to  go.  They  match  the 
three  separate,  powerful  and  divisive  thrusts — of  science,  of  markets,  of 
nations — which  have  brought  us,  with  such  tremendous  force,  to  our 
present  predicament.  And  they  point  in  the  opposite  direction — to  a 
deeper  and  more  widely  shared  knowledge  of  our  environmental  unity, 
to  a  new  sense  of  partnership  and  sharing  in  our  sovereign  economics  and 
politics,  to  a  wider  loyalty  which  transcends  the  traditional  limited  alle- 
giance of  tribes  and  peoples.  There  are  already  pointers  to  these  necessi- 
ties. We  have  now  to  make  them  the  new  drives  and  imperatives  of  our 
planetary  existence. 

We  can  begin  with  knowledge. 

The  first  step  toward  devising  a  strategy  for  planet  Earth  is  for  the 
nations  to  accept  a  collective  responsibility  for  discovering  more — much 
more — about  the  natural  system  and  how  it  is  affected  by  man's  activities 
and  vice  versa.  This  implies  cooperative  monitoring,  research,  and  study 
on'an  unprecedented  scale.  It  implies  an  intensive  world-wide  network 
for  the  systematic  exchange  of  knowledge  and  experience.  It  implies  a 
quite  new  readiness  to  take  research  wherever  it  is  needed,  with  the 
backing  of  international  financing.  It  means  the  fullest  cooperation  in 
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converting  knowledge  into  action — whether  it  be  placing  research  satel- 
lites in  orbit  or  reaching  agreements  on  fishing,  or  introducing  a  new 
control  for  snail-borne  disease. 

But  it  is  important  not  to  make  so  much  of  our  state  of  ignorance  that 
we  are  inhibited  from  vigorous  action  now.  For  while  there  is  much  that 
we  do  not  yet  understand,  there  are  fundamental  things  that  we  do  know. 
Above  all,  we  know  that  there  are  limits  to  the  burdens  that  the  natural 
system  and  its  components  can  bear,  limits  to  the  levels  of  toxic  sub-, 
stances  the  human  body  can  tolerate,  limits  to  the  amount  of  manipula- 
tion that  man  can  exert  upon  natural  balances  without  causing  a  break- 
down in  the  system,  limits  to  the  psychic  shock  that  men  and  societies 
can  absorb  from  relentlessly  accelerating  social  change — or  social  degra- 
dation. In  many  cases  we  cannot  yet  define  these  limits.  But  wherever 
the  danger  signals  are  appearing — inland  seas  losing  oxygen,  pesticides 
producing  resistant  strains  of  pests,  laterite  replacing  tropical  forests, 
carbon  dioxide  in  the  air,  poisons  in  the  ocean,  the  ills  of  the  inner  cities 
— we  must  be  ready  to  set  in  motion  the  cooperative  international  efforts 
of  directed  research  which  make  available,  with  all  possible  speed,  solu- 
tions for  those  most  intimately  concerned  with  the  immediate  problem 
and  wider  knowledge  for  all  men  of  how  our  natural  systems  actually 
work.  To  go  blindly  on,  sharing,  inadvertently,  the  risks  and  keeping  to 
ourselves  the  knowledge  needed  for  solutions  can  only  mean  more  ago- 
nies than  we  can  cope  with  and  more  danger  than  future  generations 
deserve. 

A  full  and  open  sharing  of  new  knowledge  about  the  interdependence 
of  the  planetary  systems  on  which  we  all  depend  can  also  help  us,  as  it 
were,  to  creep  up  on  the  infinitely  sensitive  issues  of  divisive  economic 
and  political  sovereignty. 

Sovereignty  and  Decision-Making 

Given  our  millennial  habits  of  separate  decision-making  and  the 
recent  tremendous  explosion  of  national  power,  how  can  any  perception 
of  the  biosphere's  essential  unity  and  interdependence  be  combined  with 
the  acutely  self-conscious  separate  sovereignty  of  more  than  130  national 
governments? 

Yet,  in  fact,  for  at  least  a  century,  some  habits  of  cooperation  have 
been  accepted  by  states  simply  through  recognition  of  their  own  self- 
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interests.  Ever  since  the  world  economy  began  to  increase  in  extent  and 
interdependence  in  the  eighteenth  and  nineteenth  centuries,  sovereign 
states  have  shared  some  of  their  authority  either  by  binding  themselves 
to  certain  forms  of  cooperative  behavior  or  by  delegating  limited  power 
to  other  bodies.  Despite  rhetorical  insistence  on  absolute  sovereignty, 
governments  have  recognized  in  practice  that  this  is  impossible  in  some 
cases  and  inordinately  foolish  in  many  more.  It  is  no  use  claiming  the 
sovereign  right  not  to  deliver  other  people's  letters  if  they  use  their 
sovereign  right  to  refuse  yours.  The  alternative  to  international  alloca- 
tion of  radio  frequencies  would  be  chaos  in  world  communications  to  the 
disadvantage  and  danger  of  all  states.  In  brief,  when  governments  are 
faced  with  such  realities,  they  have  exercised  their  inherent  sovereign 
right  to  share  voluntarily  their  sovereignty  with  others  in  limited  and 
agreed  areas  of  activity. 

In  the  twentieth  century,  as  a  consequence  of  an  ever  greater  overlap 
between  supposedly  sovereign  national  interests,  the  number  of  interna- 
tional treaties,  conventions,  organizations,  consultative  forums,  and 
cooperative  programs  has  multiplied  rapidly.  The  growth  of  an  intergov- 
ernmental community  finds  its  most  concrete  expression  in  the  United 
Nations  and  its  family  of  specialized  functional  agencies  and  regional 
commissions.  Outside  the  United  Nations  system,  there  has  been  an 
analagous  growth  of  international  organizations,  governmental  and  non- 
governmental, especially  on  the  regional  level. 

All  intergovernmental  institutions  are  still,  ultimately,  creatures  of 
national  governments,  but  a  large  amount  of  their  day-to-day  work  is 
sufficiently  and  obviously  useful  that  a  measure  of  authority  and  initia- 
tive comes  to  rest  with  them.  They  acquire  support  within  national 
governments  from  the  relevant  ministries  and  agencies  which,  in  turn, 
find  useful  constituencies  within  the  ranks  of  international  organizations. 
This  is,  none  of  it,  a  formal  departure  from  sovereignty.  But  a  strict, 
literal  definition  of  sovereignty  gets  blurred  in  practice  and  the  existence 
of  continuous  forums  for  debate  and  bargaining  helps  instill  the  habit  of 
copperation  into  the  affairs  of  reluctant  governments. 

It  is  on  to  this  scene  of  ultimate  national  sovereignty  and  proliferating 
intermediate  institutions  that  the  new  environmental  imperatives  have 
broken  in  the  last  few  years.  The  first  effect  has  undoubtedly  been  to 
complicate  still  further  a  very  complicated  situation.  Quite  suddenly,  for 
a  whole  variety  of  reasons,  a  very  wide  range  of  institutions  have  added 
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an  environmental  concern  to  their  other  interests.  In  some  cases,  tradi- 
tional programs  and  activities  have  been  renamed  to  qualify  them  under 
the  environmental  rubric.  In  others  a  number  of  agencies  have  taken  up 
the  same  environmental  topic,  though  mainly  from  differing  points  of 
view.  There  has  been  some  genuine  innovation,  and  there  is  much  fer- 
ment and  groping  as  international  organizations,  to  a  greater  or  lesser 
degree,  seek  to  comprehend  and  to  adapt  to  the  environmental  impera- 
tive. 

One  example  of  combined  good  will  and  overlap  can  be  taken  from 
air  pollution.  The  industrialized  nations  are  the  main  polluters.  So  re- 
gional groupings  are  starting  to  respond.  The  Organization  for  Economic 
Cooperation  and  Development — the  successor  to  the  old  Marshall  Plan 
bureaucracy,  linking  North  America  with  Western  Europe  and,  more 
recently,  Japan — is  setting  up  an  Environment  Committee  to  coordinate 
a  number  of  its  existing  research  activities,  for  instance,  its  Air  Manage- 
ment Research  Group.  The  regional  commissions  of  the  United  Nations 
are  also  beginning  to  move  and  the  Economic  Commission  for  Europe 
also  has  a  Committee  of  Experts  on  Air  Pollution.  So  has  the  North 
Atlantic  Treaty  Organization,  which  includes  air  pollution  among  a 
number  of  other  research  activities  such  as  open  waters  and  inland 
waters  pollution,  disaster  relief,  and  regional  decision-making  for  envi- 
ronmental issues. 

This  picture  of  somewhat  uncoordinated  and  hence  not  fully  focused 
activity,  however,  largely  reflects  the  recentness  of  the  environmental 
awareness.  National  governments,  too,  are  trying  to  find  means  of  adding 
an  environmental  angle  of  vision  to  institutions  which  have  hitherto 
followed  the  traditional  one-track  approach  to  specialized  problems 
through  separate  and  usually  uncoordinated  administration.  A  rash  of 
environmental  councils  and  commissions  is  now  appearing  round  the 
world  to  coordinate  the  activities  of  hitherto  separate  ministries.  Several 
countries  have  taken  the  bolder  step  of  bringing  relevant  ministries — 
housing,  transport,  technology — together  in  single  Departments  of  the 
Environment.  The  various  experiments  are  mostly  not  yet  two  years  old, 
and  it  is  too  soon  to  say  how  well  they  may  succeed  in  introducing  an 
integrative  view  of  man-environment  relations  into  the  national  decision- 
making processes.  Certainly  it  will  not  be  easy. 

And  certainly  it  will  be  still  more  difficult  at  the  international  than 
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at  national  levels  of  decision-making.  So  locked  are  we  within  our  tribal 
units,  so  possessive  over  national  rights,  so  suspicious  of  any  extension 
of  international  authority  that  we  may  fail  to  sense  the  need  for  dedicated 
and  committed  action  over  the  whole  field  of  planetary  necessities. 
Nonetheless  there  are  jobs  to  be  done  which  perhaps  require  at  this  stage 
no  more  than  a  limited,  special,  and  basically  self-interested  application 
of  the  global  point  of  view.  For  instance,  it  is  only  by  forthright  coopera- 
tion and  action  at  the  global  level  that  nations  can  protect  mankind  from 
inadvertent  and  potentially  disastrous  modification  in  the  planetary 
weather  system,  over  which  no  nation  can  assert  sovereignty.  Again,  no 
sovereignty  can  hold  sway  over  the  single,  interconnected  global  ocean 
system  which  is  nature's  ultimate  sink  and  man's  favorite  sewer. 

Where  pretentions  to  national  sovereignty  have  no  relevance  to  per- 
ceived problems,  nations  have  no  choice  but  to  follow  the  course  of 
common  policy  and  coordinated  action.  In  three  vital,  related  areas  this 
is  now  the  undeniable  case — the  global  atmosphere,  the  global  oceans, 
and  the  global  weather  system.  All  require  the  adoption  of  a  planetary 
approach  by  the  leaders  of  nations,  no  matter  how  parochial  their  point 
of  view  toward  matters  that  lie  within  national  jurisdiction.  A  strategy 
for  planet  Earth,  undergirded  by  a  sense  of  collective  responsibility  to 
discover  more  about  man-environment  relations,  could  well  move,  then, 
into  operation  on  these  three  fronts:  atmosphere,  oceans,  and  climate.  It 
is  no  small  undertaking,  but  quite  possibly  the  very  minimum  required 
in  defense  of  the  future  of  the  human  race. 

But  it  is  not  only  the  pollutions  and  degradations  of  the  atmosphere 
and  the  oceans  that  threaten  the  quality  of  life  at  the  planetary  level. 
There  are  threats,  too,  of  disease  spreading  among  undernourished  chil- 
dren, of  protein  deficiency  maiming  the  intelligence  of  millions,  of 
spreading  illiteracy  combined  with  rising  numbers  of  unemployed  intel- 
lectuals, of  landless  workers  streaming  to  the  squalid  cities,  and  work- 
lessness  growing  there  to  engulf  a  quarter  of  the  working  force.  An 
acceptable  strategy  for  planet  Earth  must,  then,  explicitly  take  account 
of  the  fact  that  the  natural  resource  most  threatened  with  pollution,  most 
exposed  to  degradation,  most  liable  to  irreversible  damage  is  not  this  or 
that  species,  not  this  or  that  plant  or  biome  or  habitat,  not  even  the  free 
airs  or  the  great  oceans.  It  is  man  himself 
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The  Survival  of  Man 

Here  again,  no  one  nation,  not  even  groups  of  nations,  can,  acting 
separately,  avoid  the  tragedy  of  increasing  divisions  between  wealthy 
north  and  poverty-stricken  south  in  our  planet.  No  nations,  on  their  own, 
can  offset  the  risk  of  deepening  disorder.  No  nations,  acting  singly  or 
only  with  their  own  kind,  rich  or  poor,  can  stave  off  the  risk  of  unaccepta- 
ble paternalism  on  the  one  hand  or  resentful  rejection  on  the  other. 
International  policies  are,  in  fact,  within  sight  of  the  point  reached  by 
internal  development  in  the  mid-nineteenth  century.  Either  they  will 
move  on  to  a  community  based  upon  a  more  systematic  sharing  of  wealth 
— through  progressive  income  tax,  through  general  policies  for  educa- 
tion, shelter,  health,  and  housing — or  they  will  break  down  in  revolt  and 
anarchy.  Many  of  today's  proposals  for  development  aid,  through  inter- 
national channels,  are  a  first  sketch  of  such  a  system. 

But  at  this  point,  if  gloom  is  the  psychological  risk  of  all  too  many 
ecological  forecasts,  may  we  not  go  to  the  opposite  extreme  of  Pollyanna 
optimism  in  forecasting  any  such  growth  of  a  sense  of  community  in  our 
troubled  and  divided  planet?  With  war  as  mankind's  oldest  habit  and 
divided  sovereignty  as  his  most  treasured  inheritance,  where  are  the 
energies,  the  psychic  force,  the  profound  commitment  needed  for  a  wider 
loyalty? 

Loyalty  may,  however,  be  the  key.  It  is  the  view  of  many  modern 
psychologists  that  man  is  a  killer  not  because  of  any  biological  imperative 
but  because  of  his  capacity  for  misplaced  loyalty.  He  will  do  in  the  name 
of  a  wider  allegiance  what  he  would  shrink  to  do  in  his  own  nature.  His 
massive,  organized  killings — the  kind  that  distinguishes  him  from  all 
other  animals — are  invariably  done  in  the  name  of  faith  or  ideology,  of 
people  or  clan.  Here,  it  is  not  wholly  irrational  to  hope  that  the  full 
realization  of  planetary  interdependence — in  biosphere  and  techno- 
sphere  alike — may  begin  to  affect  man  in  the  depths  of  his  capacity  for 
psychic  commitment.  All  loyalty  is  based  on  two  elements — the  hope  of 
protection  and  the  hope  of  enhancement.  On  either  count,  the  new 
ecological  imperative  can  give  a  new  vision  of  where  man  belongs  in  his 
final  security  and  his  final  sense  of  dignity  and  identity. 

At  the  most  down-to-earth  level  of  self-interest,  it  is  the  realization 
of  the  planet's  totally  continuous  and  interdependent  systems  of  air,  land, 
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and  water  that  helps  to  keep  a  check  on  the  uhimate  lunacies  of  nuclear 
weaponry.  When  after  the  nuclear  testing  conducted  in  1969,  the  air 
above  Britain  was  found  to  contain  20  per  cent  more  strontium  90  and 
cesium  137,  it  is  not  a  very  sophisticated  guess  that  the  air  of  the  testing 
states  contained  no  less.  It  is  the  force  of  such  recognitions  that  lay 
behind  the  first  global  environmental  agreement — the  Test-Ban  Treaty 
negotiated  in  1963 — which  has  kept  earlier  nuclear  powers  out  of  com- 
petitive air  testing  and  saved  unnumbered  children  from  leukemia.  Simi- 
lar calculations  of  enlightened  self-interest  underlie  the  treaty  to  keep 
nuclear  weapons  out  of  space,  off  the  seabeds,  and  away  from  Antarctica. 

Where  negotiations  continue — as  in  the  Treaty  to  prevent  the  spread 
of  nuclear  weapons,  or  the  Soviet-American  talks  on  a  mutual  limitation 
of  strategic  arms — the  underlying  rationale  is  still  the  same.  As  the  airs 
and  oceans  flow  round  our  little  planet,  there  is  not  much  difference 
between  your  strontium  90  and  my  strontium  90.  They  are  lethal  to  us 
both. 

It  is  even  possible  that  recognition  of  our  environmental  interdepen- 
dence can  do  more  than  save  us,  negatively,  from  the  final  folly  of  war. 
It  could,  positively,  give  us  that  sense  of  community,  of  belonging  and 
living  together,  without  which  no  human  society  can  be  built  up,  survive, 
and  prosper.  Our  links  of  blood  and  history,  our  sense  of  shared  culture 
and  achievement,  our  traditions,  our  faiths  are  all  precious  and  enrich 
the  world  with  the  variety  of  scale  and  function  required  for  every  vital 
ecosystem.  But  we  have  lacked  a  wider  rationale  of  unity.  Our  prophets 
have  sought  it.  Our  poets  have  dreamed  of  it.  But  it  is  only  in  our  own 
day  that  astronomers,  physicists,  geologists,  chemists,  biologists,  an- 
thropologists, ethnologists,  and  archaeologists  have  all  combined  in  a 
single  witness  of  advanced  science  to  tell  us  that,  in  every  alphabet  of  our 
being,  we  do  indeed  belong  to  a  single  system,  powered  by  a  single 
energy,  manifesting  a  fundamental  unity  under  all  its  variations,  depend- 
ing for  its  survival  on  the  balance  and  health  of  the  total  system. 

If  this  vision  of  unity — which  is  not  a  vision  only  but  a  hard  and 
inescapable  scientific  fact — can  become  part  of  the  common  insight  of  all 
the  inhabitants  of  planet  Earth,  then  we  may  find  that,  beyond  all  our 
inevitable  pluralisms,  we  can  achieve  just  enough  unity  of  purpose  to 
build  a  human  world. 

In  such  a  world,  the  practices  and  institutions  with  which  we  are 
familiar  inside  our  domestic  societies  would  become,  suitably  modified, 
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the  basis  of  planetary  order.  In  fact,  in  many  of  our  present  international 
institutions  the  sketch  of  such  a  system  already  exists.  A  part  of  the 
process  would  be  the  nonviolent  settlement  of  disputes  with  legal,  arbi- 
tral, and  policing  prodecures  on  an  international  basis.  Part  of  it  would 
be  the  transfer  of  resources  from  rich  to  poor  through  progressive  world 
sharing — the  system  of  which  a  i  per  cent  standard  of  gross  national 
product  for  aid-giving  is  the  first  faint  sign.  World  plans  for  health  and 
education,  world  investment  in  progressive  farming,  a  world  strategy  for 
better  cities,  world  action  for  pollution  control  and  an  enhanced  environ- 
ment would  simply  be  seen  as  logical  extensions  of  the  practice  of  limited 
intergovernmental  cooperation,  already  imposed  by  mutual  functional 
needs  and  interests. 

Our  new  knowledge  of  our  planetary  interdependence  demands  that 
the  functions  are  now  seen  to  be  world-wide  and  supported  with  as 
rational  a  concept  of  self-interest.  Governments  have  already  paid  lip' 
service  to  such  a  view  of  the  world  by  setting  up  a  whole  variety  of  United 
Nations  agencies  whose  duty  it  is  to  elaborate  world-wide  strategies.  But 
the  idea  of  authority  and  energy  and  resources  to  support  their  policies 
seems  strange,  visionary,  and  Utopian  at  present,  simply  because  world 
institutions  are  not  backed  by  any  sense  of  planetary  community  and 
commitment.  Indeed,  the  whole  idea  of  operating  effectively  at  the  world 
level  still  seems  in  some  way  peculiar  and  unlikely.  The  planet  is  not  yet 
a  center  of  rational  loyalty  for  all  mankind. 

But  possibly  it  is  precisely  this  shift  of  loyalty  that  a  profound  and 
deepening  sense  of  our  shared  and  interdependent  biosphere  can  slir  to 
life  in  us.  That  men  can  experience  such  transformations  is  not  in  doubt. 
From  family  to  clan,  from  clan  to  nation,  from  nation  to  fedci;ition-- 
such  enlargements  of  allegiance  have  occurred  without  wiping  out  the 
earlier  loves.  Today,  in  human  society,  we  can  perhaps  hope  to  survive 
in  all  our  prized  diversity  provided  we  can  achieve  an  ultimate  loyalty 
to  our  single,  beautiful,  and  vulnerable  planet  Earth. 

Alone  in  space,  alone  in  its  life-supporting  systems,  powered  by 
inconceivable  energies,  mediating  them  to  us  through  the  most  delicate 
adjustments,  wayward,  unlikely,  unpredictable,  but  nourishing,  enliven- 
ing, and  enriching  in  the  largest  degree — is  this  not  a  precious  home  for 
all  of  us  earthlings?  Is  it  not  worth  our  love?  Does  it  not  deserve  all  the 
inventiveness  and  courage  and  generosity  of  which  we  are  ca[)able  to 
preserve  it  from  degradation  and  destruction  and,  by  doing  so,  to  secure 
our  own  survival? 
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To  the  Congress  of  the  United  States: 

I  am  pleased  to  transmit  the  first  biennial  Report  on  National 
Growth  as  required  by  section  703  (a)  of  the  Housing  and  Urban 
Development  Act  of  1970. 

This  report  was  developed  by  the  members  and  staff  of  the 
Domestic  Council  Committee  on  National  Growth,  under  the 
Chairmanship  of  George  Romney,  Secretary  of  Housing  and 
Urban  Development.  Their  efforts  are  deeply  appreciated. 


C/iiA^^kjj^ 


The  White  House. 
February  1972. 
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INTRODUCTION 

The  desirability  of  establishing  a  national  growth  policy  for  the 
United  States  has  long  been  a  subject  for  serious  study  and  de- 
bate. Over  the  years,  contributions  to  this  discussion  from  the 
academic  community  and  from  private  enterprise  have  been 
numerous  and  significant.  Earlier  in  this  Administration,  a  White 
House  report,  "Toward  Balanced  Growth,  Quantity  With  Qual- 
ity," spotlighted  a  wide  variety  of  issues  concerning  the  quest  for 
better  growth  and  development.  The  debate  over  national  growth 
policy  culminated  in  1970  with  the  passage  of  title  VII  of  the 
Housing  and  Urban  Development  Act.  This  act  requires  that,  "In 
order  to  assist  in  the  development  of  a  national  urban  growth  pol- 
icy, the  President  shall  utilize  the  capacity  of  his  office  *  *  * 
and  of  the  departments  and  agencies  within  the  executive  branch 
to  collect,  analyze,  and  evaluate  such  statistics,  data,  and  other 
information  (including  demographic,  economic,  social,  land  use, 
environmental,  and  governmental  information)  as  will  enable 
him  to  transmit  to  the  Congress  during  the  month  of  February  in 
every  even-numbered  year  beginning  with  1972,  a  Report  on 
Urban  Growth.  *  *  *" 

This  report  has  been  prepared  in  response  to  that  act.  The  stat- 
utory findings  and  the  overall  objectives  which  led  to  that  re- 
quirement suggest,  however,  that  the  term  "national  urban 
growth  policy"  is  too  narrow.  Instead,  this  report  will  use  the 
term  "national  growth  policy,"  recognizing  that  rural  and  urban 
community  development  are  inseparably  linked.  It  is  important 
to  realize  that  urban  growth  problems  cannot  be  discussed  in  a 
useful  and  intelligent  manner  without  discussing  rural  growth  as 
well.  And  it  is  also  important  to  note  that  citizens  residing  in  our 
rural  areas  are  confronted  with  problems  no  less  pressing  and  no 
less  deserving  of  national  attention  than  those  of  our  citizens  who 
are  afflicted  by  what  is  generally  described  as  "the  urban  crisis." 

Another  important  point  of  clarification  concerns  the  central 
purpose  of  this  report.  Its  aim,  as  the  statute  puts  it,  is  to  "assist 
in  the  development"  of  national  policy — not  to  "enunciate"  such 
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policy.  This  document  makes  no  claim,  therefore,  to  present  a 
single,  comprehensive  national  growth  policy  for  the  United 
States.  It  does  not  presume  to  reveal  some  master  plan  for  direct- 
ing the  multitude  of  pubhc  and  private  decisions  that  determine 
the  patterns  of  progress  in  modem  America.  It  represents  one 
element  in  our  search  for  an  adequate  growth  strategy;  in  no 
sense  does  it  represent  the  end  of  that  search. 

The  longstanding  issues  concerning  the  growth  of  our  Nation 
are  much  too  complex  to  be  resolved  in  any  dogmatic  fashion. 
There  are  honest  and  legitimate  differences  among  our  people  as 
to  how  and  where  such  issues  should  be  treated.  To  the  extent 
that  any  single  philosophy  of  national  growth  emerges  from  this 
report,  it  is  a  philosophy  which  is  based  on  a  respect  for  diversity 
and  pluralism. 

The  task  of  formulating  a  growth  policy  which  is  more  than 
mere  rhetoric,  a  policy  that  really  makes  a  difference  in  our  na- 
tional life,  is  an  extremely  difficult  one.  Its  difficulty  is  com- 
pounded because  the  term  "national  growth  policy" — and  even 
the  term  "urban  growth  policy" — has  come  to  embrace  virtually 
everything  we  do — privately  and  publicly — that  shapes  the  fu- 
ture of  our  society.  As  a  result,  a  "national  growth  policy"  is 
often  viewed  as  a  panacea  for  all  our  social  ills. 

Indeed,  when  the  Congress  set  forth  in  section  702(d)  of  the 
Housing  and  Urban  Development  Act  of  1970  eight  recom- 
mended components  of  a  national  growth  policy,  it  described 
them  in  terms  so  broad  as  to  encompass  the  whole  body  of  our 
domestic  concerns.  Numerous  other  problems  have  been  identi- 
fied as  potential  targets  for  a  national  growth  policy,  including 
such  general  conditions  as  the  destruction  of  the  environment, 
the  inefficient  use  of  resources,  inequahty  in  the  treatment  of 
various  social  groups,  the  inadequate  or  improper  financing  of 
public  activities,  and  inadequate  institutional  structures  for 
public  decisionmaking. 

The  hard,  unavoidable  fact  of  the  matter,  however,  is  that  no 
single  p)olicy,  nor  even  a  single  coordinated  set  of  policies,  can 
remedy  or  even  significantly  ameliorate  all  of  our  ills.  As  our 
problems  are  many  and  varied  and  changing,  so  our  solutions 
must  be  multiple  and  diversified  and  flexible. 

An  effective  and  realistic  approach  to  national  growth  must 
also  take  account  of  the  rich  variety  of  cultures  which  make 
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up  our  country — and  of  our  heritage  of  freedom  in  choosing 
among  various  styles  of  life.  One  important  source  of  our  strength 
as  a  people  has  been  our  unwillingness  to  trust  our  destiny  to  the 
edicts  of  any  government  or  the  whims  of  any  group.  There  is  no 
place  in  our  country  for  any  policy  which  arbitrarily  dictates 
where  and  how  our  citizens  will  live  and  work  and  spend  their 
leisure  time.  Our  plans  for  national  growth  must  rather  seek  to 
help  individual  Americans  develop  their  unique  potentials  and 
achieve  their  personal  goals. 

All  of  these  considerations  should  not  be  seen  as  precluding  a 
new  general  strategy  for  national  development.  We  need  such  a 
strategy;  we  must  develop  a  clear  and  coherent  approach.  But 
as  we  do  so,  let  us  remember  that  this  task  is  not  "the  work  of  a 
day."  Rather  it  must  be  the  work  of  a  generation.  It  is  not  some- 
thing that  can  be  done  according  to  neat  blueprints  drawn  up 
in  advance  of  action.  Rather  it  must  grow  out  of  an  ongoing 
process  in  which  we  leam  by  doing  and  in  which  we  are  always 
ready  to  leam  something  new. 

This  first  biennial  report  on  national  growth  marks  the  begin- 
ning of  a  systematic  effort  to 

I.  Understand  the  forces  that  are  shaping  the  communities 

in  which  we  live  and  work ; 
II.  Articulate  some  of  the  challenges  that  must  be  confronted 

as  the  Nation  responds  to  the  challenges  of  growth; 

III.  Identify  recent  developments  at  the  State  and  local  level 
for  coping  more  effectively  with  growth ; 

IV.  Identify  major  actions  of  the  Federal  Government  under- 
taken to  deal  with  the  problems  of  growth ;  and 

V.  Advance  recommendations  for  Federal  action  to  strength- 
en the  Nation's  ability  to  deal  with  the  challenges  of 
growth  more  effectively. 

Each  of  these  five  objectives  are  addressed  in  a  separate 
chapter  of  this  report. 

Recognizing  that  virtually  any  item  on  the  Nation's  domestic 
agenda  could  be  construed  as  a  proper  subject  for  this  report, 
the  report  nevertheless  tries  to  focus  on  a  few  critical  concerns. 
It  is.  concerned  primarily  with  the  twin  objectives  of  balanced 
and  orderly  growth.  Meeting  these  objectives  will  require  stim- 
ulating and  channeling  private  initiative,  since  progress  in  this 
field  may  depend  more  on  how  ongoing  investment  is  directed 
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than  on  generating  vast  new  expenditures.  It  will  also  require 
strengthening  the  capacity  of  government  at  all  levels  to  respond 
to  growth  challenges.  Many  of  this  Administration's  most  impor- 
tant initiatives  have  been  devoted  to  the  achievement  of  this  goal. 
For  it  is  the  conviction  of  this  Administration  that  public  policies 
for  balanced  and  orderly  growth  will  be  no  more  eflFective  than 
the  mechanisms  through  which  they  are  shaped  and  carried  out. 


962 


CHAPTER  II 

THE  CHALLENGE  OF  BALANCED  AND  ORDERLY 

GROWTH 

The  growth  and  change  that  our  Nation  has  experienced  in  the 
past  have  brought  substantial  benefits.  Population  growth  has 
been  accompanied  by  even  more  rapid  economic  expansion, 
enabling  the  United  States  to  enjoy  the  highest  standard  of  living 
ever  achieved  by  a  major  nation.  Generally,  the  patterns  of 
migration  from  rural  to  urban  areas  and  from  one  region  of  the 
country  to  another  have  brought  population  to  where  employ- 
ment opportunities  are.  Urban  development  and  suburban 
growth  have  given  millions  of  American  families  better  housing, 
facilities,  and  services.  The  automobile  and  the  extensive  high- 
way system — probably  the  most  important  forces  influencing 
the  pattern  of  growth  in  the  post-World  War  II  period — have 
increased  the  mobility  of  American  families  and  provided  them 
with  greater  access  to  jobs,  housing,  recreation,  and  shopping. 
This  growth,  in  the  form  of  population  changes,  technological 
development,  economic  expansion,  and  individual  initiative,  will 
almost  certainly  continue  during  the  foreseeable  future. 

PROBLEMS  ASSOCIATED  WITH  GROWTH 

In  the  last  decade,  however,  we  have  begun  to  recognize 
that  a  number  of  problems  are  associated  with  the  process  and 
patterns  of  growth. 

Policies  are  needed  to  deal  with  these  problems  and  to 
insure  that  future  growth  is  both  orderly  and  balanced.  As  Presi- 
dent Nixon  has  said,  "the  growth  which  this  Nation  will  in- 
evitably experience  in  the  coming  decades  will  be  healthy  growth 
only  if  it  is  balanced  growth — and  this  means  growth  which  is 
distributed  among  both  urban  and  rural  areas."  Orderly  growth 
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requires  overcoming  the  problems  associated  with  past  growth 
and  preventing  their  repetition  in  the  future.  This  will  neces- 
sitate action  by  all  parts  of  our  society — individuals  and  families, 
private  enterprise,  and  government  at  the  local,  State,  and  Fed- 
eral levels. 

The  Decline  of  Rural  Areas  and  Sn^all  Towns 

The  Nation's  total  rural  population — that  is,  the  number  of 
persons  living  in  open  country  or  in  places  with  less  than  2,500 
inhabitants — has  remained  relatively  constant  over  most  of  this 
century.  Nevertheless,  changes  in  population  composition  and 
economic  activity  have  produced  a  number  of  serious  problems 
for  many  small,  nonmetropolitan  towns  and  other  rural  areas. 

Since  the  1940's,  farm  population  has  declined  so  rapidly  that 
it  now  constitutes  less  than  one-fifth  of  total  rural  population.  At 
the  same  time,  the  number  of  market  and  service  centers  needed 
by  this  shrinking  segment  of  rural  America  has  fallen,  meaning 
that  many  small  towns  are  no  longer  able  to  serve  their  original 
function. 

While  some  growth  in  nonfarm  employment  did  occur  in  non- 
metropolitan  areas  during  the  decade  of  the  1960's,  the  increase 
was  unevenly  distributed.  In  fact,  half  of  the  Nation's  counties 
did  not  experience  any  growth  in  nonfarm  employment,  due 
to  such  factors  as  their  remoteness  from  large-volume  markets, 
lack  of  natural  resources  and  skilled  labor,  inadequate  public 
facilities,  absence  of  recreational  and  cultural  activities,  the 
financial  difficulties  of  local  governments,  and  limited  pools  from 
which  to  draw  effective  leadership. 

Where  employment  opportunities  have  failed  consistently  to 
match  the  number  of  jobseekers,  many  younger  and  better  edu- 
cated persons  have  sought  jobs  in  larger  towns  and  cities,  leaving 
behind  an  older  and  less  skilled  population  in  the  midst  of  de- 
teriorating economies.  Often,  the  result  is  a  tax  base  inadequate 
to  finance  basic  public  services  or  to  attract  new  job-producing 
investment  (which  would  augment  the  tax  base ) . 

Consequently,  many  indicators  show  nonmetropolitan  areas 
lagging  behind  metropolitan  areas  in  terms  of  economic  and  social 
conditions.  For  example,  in  1970,  13.8  percent  of  nonmetropol- 
itan families  were  below  the  official  poverty  level  compared  with 
7.9  percent  of  metropolitan  families;  and  the  median  income  of 
families  in  nonmetropolitan  areas  was  $2,000  less  than  that  of 
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families  in  metropolitan  areas.  The  percentage  of  high  school  and 
college  graduates  in  the  rural  population  is  smaller.  Rural  areas 
have  fewer  medical  and  dental  personnel  in  proportion  to  their 
population.  The  incidence  of  substandard  housing  is  about  three 
times  higher  in  nonmetropolitan  areas  (where  three-fifths  of  the 
Nation's  substandard  housing  units  were  located  in  1970).  And 
in  many  rural  areas,  vital  public  services  and  facilities — such  as 
police  and  fire  protection,  a  clean  water  supply,  sewage  disposal, 
air  transportation  facilities,  and  recreational  and  cultural  oppor- 
tunities— are  unavailable,  inadequate,  or  provided  only  at  high 
cost. 

The  Changing  Role  of'  fhe  Central  Cify 

Shifts  in  population  and  changes  in  the  location  of  economic 
activity  have  also  had  a  substantial  impact  on  the  physical,  social, 
and  economic  vitality  of  many  central  cities. 

The  influx  of  low-income  families  and  individuals  has  placed 
a  heavy  burden  on  municipal  services  and  facilities.  At  the  same 
time,  the  revenue  sources  available  to  pay  for  them  have  been 
shrinking,  as  middle  and  upper  income  families,  together  with 
commercial  and  industrial  enterprises,  move  to  the  suburbs.  These 
families  may  continue  to  place  demands  on  central  city  facilities 
and  services,  intensifying  the  problems  cities  face  in  providing 
them. 

The  stagnant  or  declining  tax  bases  of  most  large  cities,  to- 
gether with  the  growing  costs  of  the  police,  fire,  welfare,  and  sani- 
tation services,  have  often  led  to  a  reduction  in  the  quality  of  serv- 
ices. This  falls  especially  hard  on  poor  families  since  they  suffer 
the  consequences  of  crime,  vandalism,  drug  addiction,  and  neigh- 
borhood deterioration  more  than  other  Americans, 


Racial  and  Economic  Concentration 

Population  movements  have  increased  racial  and  economic 
concentration  in  urban  areas.  The  percent  of  metropolitan  fam- 
ilies with  incomes  below  the  official  poverty  level  living  in  the 
central  city  increased  from  61.3  in  1960  to  63.1  in  1970.  Between 
1960  and  1970,  the  percent  of  blacks  living  inside  central  cities 
increased  from  51.5  to  55.2  and  the  percent  of  whites  living  out- 
side central  cities  increased  from  32.6  to  38.6.  A  large  number 
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of  urban  poor,  black,  and  other  minority  families  are  concen- 
trated in  particular  inner  city  neighborhoods. 

Environmental  and  Transportation  Effects 

Increasing  population  in  large  metropolitan  areas  has  inten- 
sified problems  of  air,  water,  and  noise  pollution  and  other  forms 
of  environmental  degradation.  Forests,  streams,  swamps,  shore- 
lines, wetlands,  open  space,  and  scenic  areas  have  been  consumed 
by  metropolitan  development. 

Few  cities  have  found  ways  to  control  traffic  congestion.  Many 
urban  dwellers  spend  a  substantial  proportion  of  their  time  con- 
tending with  problems  of  clogged  streets  and  highways  and  trying 
to  find  parking  spaces  at  their  destination.  At  the  same  time, 
declining  densities  within  metropolitan  areas  have  made  it  diffi- 
cult to  provide  efficient,  self-supporting  public  transportation 
service. 

Rising  Land  Costs 

In  most  areas  of  the  United  States,  rapid  increases  in  land  costs 
have  accompanied  urban  growth.  Census  Bureau  surveys  of  the 
price  of  new  homes  indicate  that  land  values  increased  about  6 
percent  annually  between  1963  and  1969.  The  National  Associa- 
tion of  Homebuilders  report  that  the  proportion  of  a  new  home's 
value  accounted  for  by  site  costs  rose  from  1 1  percent  in  1 949  to 
24  percent  in  1969.  Similarly,  site  costs  of  homes  financed  with 
FHA-insured  loans  rose  from  17  percent  of  total  value  in  1960  to 
20  percent  in  1970.  Inflation  in  land  prices  contributed  to  the  75- 
percent  increase  in  housing  costs  during  the  1965-70  period. 

FORMULATION    OF  A   SINGLE   COMPREHENSIVE   NATIONAL 
GROWTH  POLICY:  OBSTACLES  AND  ISSUES 

Each  of  the  problems  discussed  above  is  a  primary  concern  of 
this  Nation.  Government  should  address  itself  to  alleviating  these 
problems,  and,  at  the  same  time,  adopting  policies  toward  growth 
that  will  prevent  their  recurrence  in  the  future. 

Developing  a  single  comprehensive  strategy — a  national 
growth  policy — for  dealing  with  the  forces  of  growth,  is  an  ex- 
tremely difficult  undertaking.  It  is  made  so  by  a  variety  of  obsta- 
cles and  issues  that  must  be  clearly  recognized  if  our  Nation  is 
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to  be  .successful  jpi  uiccting  llic  challenge  of  grovvtli.  Ihi-S  section 
discusses  some  of  these  obstacles  and  issues. 

Specifying  the  Coals   and  Problems  of  Growth 

Defining  the  objectives  of  a  national  growth  policy  requires  a 
searching  consideration  of  our  national  objectives  and  priorities. 
This  task  becomes  increasingly  difficult  as  we  move  closer  to 
specific  goals. 

In  the  abstract,  the  concept  of  growth  policy  commands 
nearly  universal  support.  Conflicts  and  issues  arise,  however,  as 
individual  issues  are  specified  and  priorities  established.  A  recent 
unpublished  study  of  growth  policy  issues  cites  25  domestic  prob- 
lems which  have  been  identified  as  possible  targets  of  a  national 
growth  policy.  It  observes,  however,  that  few  individuals  and 
groups  see  the  growth  question  this  broadly.  Most  individuals 
look  to  a  growth  policy  to  remedy  the  four  or  five  problems  about 
which  he  or  she  is  most  concerned.  To  the  extent  these  problems 
conflict  with  one  another,  developing  a  comprehensive  growth 
policy  becomes  more  difficult.  In  fact,  solving  even  one  of  these 
problems  may  create  new  problems  for  which  various  groups  will 
look  to  a  growth  policy  for  solution. 

Not  only  do  individuals  frequently  disagree  over  which  prob- 
lems in  the  growth  area  are  most  pressing ;  many  times  individuals 
disagree  over  whether  a  particular  consequence  of  growth  is  in- 
deed a  problem  at  all.  The  well-known  phenomenon  of  "sprawl" 
provides  a  good  example. 

As  chapter  I  points  out,  population  densities  in  urban  areas 
have  been  falling  for  some  time.  The  resulting  living  patterns 
have  been  attacked  by  some  individuals  as  wasteful  and  inef- 
ficient. Low-density  utilization  of  land  use  raises  the  costs  of 
public  facilities — requiring  extra  miles  of  streets  and  sewer 
lines — and  increases  the  distance  traveled  in  reaching  destina- 
tions. It  is  sometimes  argued  that  self-contained  villages  in 
which,  for  example,  workers  walk  to  work  would  be  less  expensive 
than  present  patterns. 

But  it  is  well  to  place  this  trend  in  proper  perspective.  Low- 
density  living  appears  to  be  the  style  of  living  most  preferred  by 
our  population.  Many  individuals  and  families,  hence,  are  willing 
to  pay  the  price  of  sprawl — greater  distances  traveled  (although 
not  necessarily  more  time  spent  traveling) ,  higher  public  facility 
costs — in  order  to  enjoy  low-density  living. 
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Iclent'ifying  the  Link  Befween  the  Growth  Process  and  Grov/th 
Problems 

The  problems  associated  with  growth,  by  any  definition,  in- 
clude many  of  the  most  intractable  social  and  governmental 
concerns  of  this  country.  The  relationship  of  these  issues  to 
national  growth  is  complex  and  sometimes  obscure.  Growth  is 
rarely  the  single  cause  of  a  problem;  more  often,  a  problem  or 
condition  both  affects  the  patterns  of  growth  and  is  affected  by 
them.  Racial  and  economic  discrimination,  for  example,  has  been 
a  cause  of  unbalanced  growth,  while  growth,  in  turn,  has  contrib- 
uted to  the  problem. 

Influencing  the  Many  Determinants  of  Growth 

Patterns  of  growth  are  influenced  by  countless  decisions  made 
by  individuals,  families,  and  businesses.  These  decisions  are  aimed 
at  achieving  the  personal  goals  of  those  who  make  them,  and  re- 
flect healthy  free  choices  in  our  society.  Locational  shifts  by  indi- 
viduals reflect,  in  part,  a  search  for  better  job  opportunities  or 
for  a  better  climate,  while  businessmen  relocate  where  they  can 
operate  most  efficiently  and  therefore  make  the  most  profit. 

The  factors  that  influence  these  decisions  may  be  susceptible  to 
changes  that  will  alter  the  emerging  growth  patterns,  but,  in  a 
Nation  that  values  freedom  in  the  private  sector  and  democratic 
choice  in  the  public,  the  decisions  themselves  cannot  be  dictated. 

Determining   the   Proper   Level    of   Government    To    Influence 
Growth 

In  many  nations,  the  central  government  has  undertaken  force- 
ful, comprehensive  policies  to  control  the  process  of  growth.  Simi- 
lar policies  have  not  been  adopted  in  the  United  States  for  several 
reasons.  Among  the  most  important  of  these  is  the  distinctive 
form  of  government  which  we  value  so  highly  in  this  country. 
Ours  is  a  federal  system,  with  powers  shared  between  the  States 
and  National  Government.  This  system  preserves  the  ability  of 
citizens  to  have  a  major  voice  in  determining  policies  that  most 
directly  affect  them.  This  voice  is  sustained  by  keeping  govern- 
ment close  to  the  people. 

Another  important  reason  for  the  lack  of  a  single  dominant 
growth  policy  is  the  sheer  size  of  our  Nation.  .The  United  States 
is  a  vast  country — many  times  bigger  than  even  the  largest  of  the 
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Western  European  countries.  While  we  may  observe  certain  com- 
mon patterns  of  growth  throughout  the  Nation,  there  arc  also 
distinct  differences  within  each  area.  Patterns  of  growth  reflect 
many  determinations  having  primarily  local  significance,  such  as 
local  tax  levies;  the  location  of  public  facilities  and  roads;  the 
extension  of  sewer,  water,  electric,  and  gas  services;  specific  zon- 
ing and  building  regulations ;  the  approval  of  development  plans. 
These  decisions  can  best  reflect  specific  community  factoi*s  and 
objectives  if  they  are  made  at  the  local  level.  Accordingly,  it  is  not 
feasible  for  the  highest  level  of  government  to  design  policies  for 
development  that  can  operate  successfully  in  all  parts  of  the 
Nation. 

MEETING  THE  CHALLENGES  OF  GROWTH 

If  we  are  to  meet  the  challenges  of  national  growth,  we  must 
begin  by  determining  where  in  our  governmental  system  we  can 
best  deal  with  the  problems  and  opportunities  of  growth. 

In  some  cases,  the  Federal  Government  is  the  only  body  with 
the  capability  to  assure  balanced  and  orderly  growth.  This  is 
especially  true  in  the  economic  area.  Fiscal  and  monetary  policy, 
prudently  conducted,  can  do  much  to  keep  the  Nation's  economy 
growing  at  its  full  potential.  Similarly,  Federal  support  for  re- 
search and  development  can  help  accelerate  the  pace  of  techno- 
logical advancement,  which  is  so  necessary  to  a  growing  economy. 

There  are  also  some  growth  problems  which  are  truly  national 
problems,  and  which  should  be  addressed  by  the  Federal  Gov- 
ernment. These  problems  are  national,  not  in  the  sense  that  they 
crop  up  in  many  places — street  lighting  is  a  pervasive  problem 
but  hardly  a  national  problem — but  because  no  one  State  can 
deal  with  them  effectively.  Water  and  air  pollution  are  good 
examples  of  these  national  problems. 

However,  any  consideration  of  growth  issues  must  recognize 
that  many  of  these  issues  fall  within  the  boundaries  of  State  and 
local  governments.  The  following  chapter  looks  at  the  way  in 
which  these  bodies  have  responded  to  the  forces  of  growth  in 
recent  years. 
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CHAPTER  IV 

ADAlENiSTRATION  ACTIONS  TO  DEAL  WITH  THE 
CHALLENGES  OF  GROWTH 

PAST  FEDERAL  INVOLVEMENT 

Federal  policies  have  significantly  shaped  our  Nation's  de- 
velopment throughout  its  history — sometimes  intentionally, 
sometimes  inadvertently.  During  the  19th  century,  the  Fed- 
eral Government  actively  encouraged  population  settlement 
in  the  vast,  and  largely  uninhabited  interior  sections  of  the  coun- 
try. Land  grants  under  the  Homestead  Act  provided  incentives 
for  private  citizens  to  locate  in  the  new  territories.  At  the  same 
time,  Federal  aid  to  the  fledgling  railroad  industry  linked  devel- 
oped and  undeveloped  parts  of  the  country,  facilitating  the  eco- 
nomic growth  of  the  new  settlements.  Federal  immigration 
policy  permitted  large  numbers  of  new  citizens  to  come  to  our 
shores  in  the  years  prior  to  World  War  I,  contributing  signifi- 
cantly to  the  rapid  growth  and  development  of  the  Nation. 

Other  actions  by  the  Federal  Government,  though  less  dra- 
matic, also  had  a  major  impact  on  the  growth  of  panicular  areas. 
Such  actions  included  the  location  of  Federal  installations,  the 
placement  of  Federal  contracts,  and  the  development  of  an  early 
highway  network. 

Beginning  in  the  1930's,  there  was  a  general  expansion  of  Fed- 
eral involvement  in  domestic  aff^airs.  This  led  to  a  number  of 
new  Federal  initiatives  affecting  growth  and  development : 

•  The  National  Resources  Board  and  its  two  successors  repre- 
sented a  unique  attempt  at  national  planning  before  the 
effort  was  terminated  in  1943. 

•  The  Resettlement  Administration,  under  authority  of  the 
National  Industrial  Recovery  Act,  initiated  a  wide  range  of 
housing  and  resettlement  projects  across  the  country. 

•  The  Tennessee  Valley  Authority  was  designed  in  part  to 
accelerate  the  economic  development  of  an  entire  region. 
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•  Federal  assistance  was  authorized  for  home  financing  and 
low-rent  public  housing. 

During  the  postwar  era  two  historic  pieces  of  legislation  were 
enacted  that  addressed  the  two  basic  factors  which  underlie 
growth:  national  economic  development  and  orderly  commu- 
nity development.  The  Full  Employment  Act  of  1946  established 
the  national  goal  of  full  employment  for  the  Nation's  work  force. 
The  Housing  Act  of  1 949  established  the  national  goal  of  "a  de- 
cent home  in  a  suitable  living  environment  for  every  American 
family." 

In  the  1950's  under  President  Eisenhower,  a  massive  program 
of  Federal  assistance  to  highways  was  initiated,  opening  up  vast 
suburban  areas  for  the  construction  of  new  housing.  In  the 
central  cities,  the  Urban  Renewal  program  was  relied  on  to 
change  land  use  patterns. 

More  recently,  the  Federal  Government's  reaction  to  problems 
associated  with  national  growth  has  taken  the  form  of  hundreds 
of  new,  but  narrow  purpose,  grant  programs. 

ADMINISTRATIVE  AND  PROGRAM  INITIATIVES 

Efforts  to  deal  more  effectively  with  the  challenges  of  national 
growth  were  begun  by  this  Administration  immediately  upon 
taking  office. 

On  January  23,  1969,  as  one  of  the  first  official  acts  of  his 
Administration,  the  President  established  an  Urban  Affairs 
Council  to  advise  and  assist  "in  the  development  of  a  national 
urban  policy,  having  regard  both  to  immediate  and  to  long- 
range  concerns,  and  to  priorities  among  them." 

Later,  a  Rural  Affairs  Council  was  established  to  assist  the 
President  in  the  development  of  policies  for  rural  areas,  and  to 
assure  that  the  interrelationships  between  rural  and  urban  prob- 
lems are  taken  into  account  in  designing  Federal  programs. 

These  Councils,  and  later  the  President's  Advisory  Committee 
on  Executive  Organization,  the  Domestic  Council,  and  the  Office 
of  Management  and  Budget,  have  vigorously  addressed  them- 
selves to  the  task  of  making  government  work  better  in  dealing 
with  the  challenges  of  growth.  The  product  of  these  concerted 
efforts  has  been  a  set  of  forceful  policies  designed  to: 

1.  Strengthen  the  capacity  of  State  and  local  governments, 
to  solve  the  problems  that  past  growth  has  brought,  and 
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to  take  advantage  of  the  opportunities  that  future  growth 
will  bring; 

2.  Recast  the  structure  of  the  Federal  Government  to  make  it 
more  effective  in  assisting  State  and  local  governments  carry 
out  their  responsibilities ;  and 

3.  Improve  Federal  approaches  to  growth  problems  where 
national  interests  are  at  stake. 

Underlying  each  of  these  policies  is  the  need  to  make  Federal 
programs  more  responsive  to  the  people  and  their  locally  elected 
officials,  both  in  terms  of  the  goals  they  seek  to  achieve  and  the 
way  they  deliver  Federal  assistance.  This  is  an  extremely  impor- 
tant feature  of  the  President's  policy  toward  growth. 

Where  the  Administration  has  been  able  to  move  ahead  with 
its  policies  toward  national  growth  under  existing  law,  it  has 
done  so.  Where  new  authority  is  needed  to  implement  its  poli- 
cies, the  Administration  has  taken  the  lead  in  drafting  and  work- 
ing for  passage  of  appropriate  legislation. 

This  chapter  describes  Administration  actions  undertaken  to 
date  to  promote  more  balanced  and  orderly  growth.  The  fol- 
lowing chapter  makes  recommendations  for  additional  legisla- 
tion which  is  needed  to  strengthen  our  ability  as  a  Nation  to 
meet  the  challenges  of  growth. 

Strengthening  the  Federal  System 

The  Administration  has  acted  to  facilitate  delivery  of  Federal 
services  and  to  improve  communications  among  State,  local,  and 
Federal  officials.  These  include : 

•  Decentralization  of  decisionmaking  authority  in  numerous 
Federal  grant  programs  to  bring  administration  of  these  pro- 
grams closer  to  the  people  they  serve. 

•  Reduction  of  redtape  and  processing  time  within  the  Fed- 
eral categorical  grant  system,  through  a  rationalization  of 
consistency  procedures,  joint  funding  simplification,  inter- 
governmental cooperation,  grant  consolidation,  and  gen- 
erally improved  coordination. 

•  Establishment  of  uniform  regional  boundaries  for  Federal 
domestic  agencies  and  increasing  emphasis  on  Federal  Re- 
gional Councils. 
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•  Establishment  of  the  Environmental  Protection  Ai^rtuy  to 
consolidate  various  Federal  programs  for  protecting  ihc 
environment. 

Rural  Development 

The  Administration  has  taken  a  number  of  steps  to  improve 
our  rural  development  programs  and  has  substantially  increased 
program  funding.  For  example,  the  funding  of  principal  rural 
development  programs  in  the  Department  of  Agriculture  this 
year — $2.8  billion — is  more  than  four  times  that  of  fiscal  year 
1961  and  twice  that  of  fiscal  year  1969.  All  told,  29  of  the  34  rural 
development  programs  in  that  Department  have  been  expanded 
since  1969. 

In  addition,  the  Department  of  Housing  and  Urban  Develop- 
ment has  nearly  tripled  its  grants  for  nonmetropolitan  planning 
districts  since  1969.  In  the  last  fiscal  year,  155  districts  received 
$3.4  million  in  grants.  Rural  housing  assistance,  with  an  emphasis 
on  low-  and  moderate-income  families,  has  reached  a  record  level 
of  $1.6  billion  under  the  Farmers  Home  Administration  pro- 
gram— more  than  triple  the  1969  level. 

Transporfation 

Improved  urban  transportation  is  an  important  contributing 
factor  to  an  evolving  national  growth  policy.  During  the  past  2 
years,  expanded  programs  with  environmental  safeguards  have 
been  initiated  to  improve  urban  transportation.  By  enacting  the 
Urban  Mass  Transportation  Assistance  Act  of  1970,  Congress 
supported  the  Administration's  proposal  to  provide  substantial 
Federal  funds  in  support  of  mass  transportation — $3.1  billion  for 
the  first  5  years  of  the  program.  Between  1971  and  1973,  the 
Urban  Mass  Transportation  Administration  will  have  committed 
over  $2  billion  for  mass  transit,  including  almost  $1.7  billion  for 
capital  improvements. 

The  Federal- Aid  Highway  Act  of  1970  also  authorized  new 
programs  to  meet  the  need  for  balanced  transportation  in  urban 
areas,  including  fringe  and  corridor  parking,  airport  and  water- 
port  access,  and  a  Federal-aid  urban  system. 

The  urban  system  involves  local  officials,  in  cooperation  with 
State  highway  departments,  in  the  designation  of  arterials  for 
Federal  aid.  This  program  provides  a  special  source  of  funds  for 
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improving  a  large  number  of  major  roadways  and  allows  greater 
flexibility  in  the  use  of  highway  programs  to  provide  for  balanced 
transportation. 

Another  important  feature  of  the  1970  legislation  is  the  Urban 
Highway  Public  Transit  Program,  which  permits  the  States  to 
increase  the  efficiency  of  highways  in  transporting  people  rather 
than  cars.  Projects  now  underway  include  the  exclusive  bus  lane 
on  the  Shirley  Highway  in  northern  Virginia,  and  similar  projects 
in  Los  Angeles,  northern  New  Jersey,  Seattle,  Milwaukee,  Boston, 
and  San  Juan,  P.R. 

National  Environmental  Policy  Act  Implementation 

The  Administration  has  implemented  the  National  Environ- 
mental Policy  Act  to  assure  that  the  growth  implications  of  po- 
tential Federal  and  federally  assisted  activities  are  taken  into 
account  before  final  decisions  on  them  are  made.  Section  102 
(2)  (C)  of  the  act  requires  that  Federal  agencies  issue  for  public 
comment  detailed  statements  analyzing  the  environmental  im- 
pact of  proposed  actions.  Under  guidelines  set  by  the  President's 
Council  on  Environmental  Quality,  agencies  are  required  to 
assess  the  primary  and  secondary  effects  of  a  proposed  action — 
such  as  a  new  highway,  airport,  or  dam — on  an  area's  environ- 
ment and  growth  patterns.  This  process  has  enhanced  citizens' 
capacity  to  play  a  constructive  role  in  the  debate  over  growth 
policy. 

Use  of  Federal  Land 

An  important  part  of  national  growth  policy  will  involve  future 
decisions  on  the  use  of  federally  owned  land — both  traditional 
"public  domain"  land  and  acquired  property  that  becomes  sur- 
plus. Congress  is  now  considering  recommendations  by  the  Public 
Land  Law  Review  Commission  to  permit  public  lands  to  be  more 
effectively  used  for  future  growth.  This  Administration  has  also 
proposed  legislation  that  will  make  it  easier  to  transfer  surplus 
Federal  lands  for  use  as  new  communities.  The  Property  Review 
•  Board,  established  by  President  Nixon,  is  overseeing  a  review  of 
the  Government's  holdings  by  Federal  agencies  to  identify  un- 
needed  property,  and  is  seeking  to  insure  that  Federal  property  is 
used  as  effectively  as  possible. 
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Housing 

This  Administration  has  sought  to  increase  the  housing  op- 
portunities of  all  Americans.  Housing  production  and  assistance, 
especially  for  low-  and  moderate-income  families,  has  been  great- 
ly expanded  over  the  past  3  years  to  the  highest  levels  in  our  his- 
tory. In  1971,  total  housing  starts  nea red  2.1  million  units,  almost 
25  percent  of  which  were  for  low-  and  moderate-income  fam- 
ilies under  Federal  housing  programs  providing  direct  finan- 
cial assistance.  Programs  and  policies  also  have  been  implement- 
ed by  the  Department  of  Housing  and  Urban  Development  and 
the  National  Bureau  of  Standards  to  encourage  the  more  effi- 
cient production  of  housing  throughout  the  country.  Toward  this 
objective,  these  agencies  have  worked  closely  with  the  States 
through  the  National  Conference  of  States  on  Building  Codes 
and  Standards. 

Racial  barriers  have  prevented  minority  groups  from  their  full 
share  of  the  benefits  from  national  growth.  The  Presidential 
statement  on  equal  housing  opportunity  of  June  11,  1971,  com- 
mitted the  Federal  Government  to  work  with  State  and  local 
goverrunents  in  expanding  the  freedom  and  the  opportunity  for 
all  Americans  to  obtain  adequate  housing  regardless  of  race. 

New  Community  Assistance 

As  of  December  31,  1971,  the  Federal  New  Communities  pro- 
gram had  agreed  to  help  private  developers  undertake  the  de- 
velopment of  seven  new  population  centers,  with  several  more 
under  consideration.  These  centers  will  serve  the  objective  of 
orderly  growth  within  metropolitan  areas  by  offering  the  promise 
of  innovative,  well-planned  development  and  an  attractive  liv- 
ing and  working  environment.  It  is  expected  that  these  new  cen- 
ters will  set  a  standard  of  excellence  in  planning,  conservation, 
housing  balance,  education,  health,  and  community  participa- 
tion. 

All  of  the  approved  projects  have  strong  programs  for  equal 
opportunity  in  housing  and  employment,  and  will  contain  a  sub- 
stantial amount  of  housing  for  persons  of  low  and  moderate  in- 
come. 

Planning  Requirements 

Many  Federal  programs  require  planning  at  the  State,  area- 
wide,  and  local  levels  as  a  prerequisite  for  Federal  grants. 
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At  present,  efforts  are  being  made  within  the  executive  branch 
to  improve  and  integrate  planning  requirements  among  Federal 
agencies.  For  example,  within  the  last  year  the  Environmental 
Protection  Agency  and  the  Department  of  Housing  and  Urban 
Development  have  agreed  to  integrate  their  water  and  waste 
management  planning  requirements.  These  agencies  are  now 
engaged  in  efforts  to  develop  unified  water  and  waste  manage- 
ment planning  requirements  with  the  Economic  Development 
Administration  and  the  Farmers  Home  Administration. 

The  Department  of  Transportation  presently  has  metropol- 
itan-based pilot  projects  underway  in  each  of  the  10  Federal 
regions  to  integrate  highway,  airport,  and  mass  transportation 
planning. 

A— 95  Reviews 

One  of  the  principal  means  for  States  and  local  governments  to 
control  development  within  their  borders  is  through  Office  of 
Management  and  Budget  Circular  A-95,  first  issued  by  this 
Administration.  This  circular  provides  an  opportunity  for  States 
and  areawide  agencies  to  review  and  comment  on  projects  pro- 
posed for  funding  under  a  variety  of  Federal  programs.  In  this 
way,  it  provides  State  and  local  governments  with  a  potentially 
powerful  instrument  for  coordinating  growth. 

Federal  Property  Insurance  Programs 

Urban  crime,  the  riots  of  the  1960's,  and  the  migration  of  many 
middle-income  families  out  of  the  central  city  have  forced  many 
central  city  businesses— especially  small  businesses — to  relocate. 
The  exodus  of  such  businesses  and  the  resulting  erosion  of  prop- 
erty tax  bases  have  been  key  factors  in  the  decline  of  central  cities. 

In  inner  city  areas,  basic  crime  and  riot  insurance  protection 
often  is  not  available.  Since  lending  institutions  require  borrow- 
ers to  have  basic  property  insurance,  existing  businesses  have 
found  it  difficult  to  obtain  financing  for  modernization  while  new 
businesses  have  had  difficulty  obtaining  startup  funds. 

In  order  to  improve  property  insurance  protection  for  central 
city  businesses  and  homeowners,  the  Federal  Insurance  Admin- 
istration has  implemented  two  property  insurance  programs 
authorized  by  the  Urban  Property  Protection  and  Reinsurance 
Act  of  1968,  as  amended  in  1970; 
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Under  the  first  program,  riot  reinsurance  protection  is  provided 
to  primary  insurers  that  cooperate  in  State  FAIR  plans  (Fair 
Access  to  Insurance  Requirements).  These  plans  are  designed 
to  give  urban  residents  and  property  owners  in  26  States,  the 
District  of  Columbia,  and  Puerto  Rico  access  to  basic  fire, 
extended  coverage,  and  vandalism  and  malicious  mischief 
insurance. 

Under  the  second  program,  which  became  effective  on  August 
1,  1971,  the  FIA  provides  direct  crime  insurance  policies  at 
affordable  rates  covering  losses  from  burglary,  robbery,  and  theft 
(with  appropriate  deductible  provisions  and  requirements  for 
reasonable  protective  and  loss-preventive  measures  and  devices) 
in  nine  States  and  the  District  of  Columbia. 

More  than  $20  billion  of  basic  property  insurance  has  been 
provided  to  over  1  million  urban  area  residents  and  property 
owners  through  FAIR  plans.  The  new  crime  insurance  program 
has  already  provided  more  than  2,000  direct  crime  insurance 
policies. 

Planned  Variations 

On  July  29,  1971,  20  existing  model  cities  were  selected  to  par- 
ticipate in  a  planned  variation  demonstration  designed  to  test 
some  of  the  concepts  of  urban  community  development  revenue 
sharing.  Of  the  20  cities  selected  for  this  demonstration,  16  are 
receiving  additional  funds  to  implement  a  citywide  Model  Cities 
program  with  only  the  minimum  Federal  control  required  by 
statute  and  with  a  procedure  to  enable  the  local  chief  executive 
to  coordinate  Federal  resources  available  under  programs  that 
affect  his  city.  The  other  four  cities  are  participating  only  in  the 
procedure  for  chief  executive  review  and  comment  on  Federal 
programs.  A  total  of  $79.5  million  in  additional  Model  Cities 
funds  will  be  available  to  these  20  cities  in  fiscal  year  1972. 

Although  planned  variations  focuses  only  on  the  Model  Cities 
program,  the  Department  of  Health,  Education,  and  Welfare, 
the  Office  of  Economic  Opportunity,  the  Department  of  Labor, 
the  Department  of  Transportation,  and  other  agencies  will  im- 
plement, to  the  extent  possible,  the  minimum  control  and  chief 
executive  review  and  comment  procedures  in  their  categorical 
grant  programs  in  the  20  cities.  This  implementation  will 
broaden  the  citywide  Model  Cities  program  into  a  truly  compre- 
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hensive  method  for  the  city's  chief  executive  to  use  in  approach- 
ing the  community  development  problems  of  the  city. 

Annual  Arrangements 

Prior  to  the  introduction  of  revenue  sharing,  an  effort  is  being 
made  to  fit  Federal  categorical  aids  into  locally  designed  strat- 
egies for  total  community  development.  Annual  arrangements 
between  the  Department  of  Housing  and  Urban  Development 
and  a  number  of  localities  are  being  developed  to  assure  coordi- 
nation of  grant  programs  and  to  provide  a  standard  for  evaluat- 
ing specific  project  applications.  This  approach  seeks  to  demon- 
strate that,  given  a  realistic  forecast  of  Federal  funding, 
communities  will  plan  for  community  development  in  an  effective 
manner. 

Project  selection  criteria  have  been  or  are  being  developed  for 
various  community  development  grant  programs.  These  criteria 
will  help  localities  identify  projects  that  are  likely  to  be  funded 
for  inclusion  in  their  annual  arrangement  proposals. 

Property  Tax  Reform 

During  the  period  from  1960  to  1970,  the  burden  of  the  resi- 
dential property  tax  more  than  doubled,  from  $15  to  $34  billion. 
As  a  regressive  levy,  the  residential  property  tax  falls  most 
heavily  on  low-income  families,  senior  citizens,  families  with  fixed 
incomes,  and  farmers.  Its  inequity  is  compounded  by  a  myriad 
of  assessment  formulas. 

The  bulk  of  public  education  support  comes  from  the  local 
property  tax.  However,  in  a  series  of  recent  court  decisions,  this 
tax  has  been  held  to  be  a  violation  of  the  constitutional  guarantee 
of  equal  protection  because  it  makes  the  quality  of  a  child's  ed- 
ucation dependent  upon  the  assessed  value  of  property  in  his 
school  district. 

In  1970,  anticipating  this  crisis,  President  Nixon  appointed  a 
Commission  on  School  Finance  to  investigate  the  nature  of  the 
problem  and  recommend  solutions.  Its  report  will  be  transmitted 
early  in  March  1972.  The  Departments  of  Health,  Education, 
and  Welfare  and  the  Treasury  have  been  asked  to  examine  the 
problem  as  well.  In  addition,  the  President  has  called  upon  the 
Advisory  Commission  on  Intergovernmental  Relations,  a  bi- 
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partisan  panel  including  Members  of  the  Congress,  Governors, 
mayors,  and  county  officials,  to  study  the  feasibility  of  replacing 
the  residential  school  property  tax  with  a  Federal  Value  Added 
Tax.  Areas  of  special  concentration  will  include  the  scope  of  the 
taxable  base,  the  optimum  income  tax  credit  to  aVoid  regres- 
sivity,  renter  relief,  and  the  maintenance  of  local  control. 
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[From  the  New  York  Times,  Mar.  29,  1972] 
Missing:  One  Policy 

During  his  3  years  as  Secretary  of  Housing  and  Urban  Development,  George  W. 
Romney  ha.s  tried  without  success  to  evolve  an  administration  policy  for  the  cities 
and  their  suburbs.  The  other  day  in  Detroit  he  rhetorically  threw  up  his  hands 
and  said  the  job  was  too  big  for  the  Federal  Government.  Nothing  that  Wash- 
ington could  do,  he  suggested,  would  halt  the  terrible  slide  of  inner-city  housing 
into  slums. 

The  problem  is  certainly  too  big  for  this  administration  ;  and  the  responsibility 
for  its  nonperformance  lies  not  with  Mr.  Komney  but  with  President  Nixoii. 
Secretary  Romney  has  put  forward  several  initiatives  with  engaging  acronyms, 
elaborate  supporting  documentation  and  ambitious  timetables  for  specific  action. 
Each  has  been  shredded  and  lo.st  in  the  White  House  policy  coordinating  machine. 
The  input  has  been  sizable  ;  the  output  zero. 

Mr.  Romney  even  has  a  mausoleum  of  words  to  commemorate  his  own  frustra- 
tion. In  the  Housing  Act  of  1970,  Congress  required  that  in  every  even-numbered 
year  the  President  should  submit  to  Congress  a  "Report  on  Urban  Growth."  Last 
month  President  Nixon  submitted  the  first  of  these  reports.  If  the  congressional 
authors  of  this  idea  thought  they  would  get  an  authorizative  summing-up  of 
information  and  legislative  recommendations  on  behalf  of  the  cities — comparable 
to  the  annual  reports  from  the  Council  of  Economic  Advisers  and  the  Council  on 
Environmental  Quality — they  must  be  as  sorely  disappointed  as  Mr.  Romney. 

This  vapid  document  spends  74  pages  exphiining  that  the  Federal  Government 
really  cannot  do  much  of  anything  about  iirban  problems  or  suburban  growth. 
The  fragmented  and  inadequate  authority  of  other  levels  of  government  has 
been  amply  demonstrated,  but  tlie  report  passes  the  responsibility  back  to  them : 
"any  consideration  of  growth  issues  must  recognize  that  many  of  these  issues 
fall  within  the  boundaries  of  State  and  local  governments." 

With  an  air  of  bustling  discovery,  the  report  states :  "Ours  is  a  federal  system 
with  powers  shared  between  the  States  and  National  Government.  This  system 
preserves  the  ability  of  citizens  to  have  a  ma.1or  voice  in  determining  policies  that 
most  directly  affect  them." 

The  "major  voice,"  one  is  tempted  to  ask,  that  citizens  have  in  the  interstate 
highway  program?  Or  in  the  lending  policies  of  the  Federal  Housing  Administra- 
tion? Or  in  the  administration's  Impounding  of  water  and  .sewer  grants?  Or  in 
Federal  Government  failure  to  finance  urban  mass  transit?  These  are  only  four  of 
the  many  Washington  decisions  to  act  or  not  act  which  have  had  enormous  influ- 
ence on  urban  decay  and  development.  No  town  or  city  or  county  can  singly  cope 
with  the  consequences  of  these  Federal  decisions. 

President  Nixon  solemnly  proclaims  in  this  report  that  he  has  no  "master  plan 
for  directing  the  multitude  of  public  and  private  decisions  that  determine  the 
patterns  of  progress  in  modern  America." 

No  one  expected  him  to  have  a  "master  plan."  But  citizens  and  local  officials 
could  reasonably  look  for  some  leadership,  some  guidance  on  alternatives,  and 
some  greater  coherence  in  the  Federal  Government's  own  policies.  Metropolitan 
and  regional  planning  are  essential,  and  the  financial  power  of  the  Federal  Gov- 
ernment is  the  best  available  lever  to  compel  local,  county,  and  State  officials 
to  take  a  broader  view  of  their  problems  and  to  cooperate  more  effectively  with 
one  another.  Mr.  Romney's  pessimism  notwitlistanding,  only  such  Federal  leader- 
ship can  make  federalism  a  viable  form  of  government  under  complex  modern 
conditions. 

There  is  no  mystery  about  the  administration's  evasion  of  this  crucial  re.sponsi- 
bility.  President  Nixon  has  political  strength  in  very  few  of  the  inner  cities. 
Action  on  any  metropolitanwide  problem — housing,  transportation,  economic 
development — is  sure  to  upset  some  voters  and  some  interest  groups  in  the 
suburbs.  If  something  aI)solutely  has  to  be  said — as  in  this  report  on  urban 
growth — then  question-begging  platitudes  are  the  next  safest.  The  only  mystery 
is  why  George  Romney,  a  man  of  integrity  and  social  concern,  continues  to  co- 
operate in  this  great  vanishing  act. 
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Urban   Growth 

Back  in  January  1970,  President  Nixon  was  quite  eloquent  about  our  urban 
dilemma.  '"Between  now  and  the  year  2000,"  he  said  in  his  State  of  the  Union 
Message,  "over  100  million  children  will  be  bom  in  the  United  States.  Where 
they  grow  up — and  how — will,  more  than  any  one  thing,  measure  the  quality  of 
life  in  the  years  ahead."  He  noted  that  "vast  areas  of  rural  America  are  emptying 
out  of  people  and  of  promise."  And  he  conceded  that  "the  violent  and  decayed 
central  cities  of  our  great  metropolitan  complexes  are  the  most  conspicuous  area 
of  failure  in  American  life  today." 

"I  propose,"  the  President  said,  "That  before  these  problems  become  insoluble, 
the  Nation  develop  a  national  growth  policy." 

Mr.  Nixon  was  specific  as  to  what  he  had  in  mind  :  "In  the  future,"  he  said, 
"decisions  as  to  where  to  build  highways,  locate  ain^orts,  acquire  land  or  sell 
land,  should  be  made  with  the  clear  ol)jective  of  aiding  balanced  growth  for 
America.  In  particular,  the  Federal  Government  must  be  in  a  position  to  assist 
in  the  building  of  new  cities  and  the  rebuilding  of  old  ones." 

Congress  listened  and  acted.  In  December  of  the  same  year,  under  title  VII 
of  the  1970  Housing  and  Urban  Development  Act,  it  declared  that  Federal  pro- 
grams that  affect  the  location  of  population,  economic  gi'owth  and  the  character 
of  urban  development  "frequently  conflict  and  result  in  undesirable  and  costly 
patterns  of  urban  development  which  adversely  affect  the  environment  and 
wastefully  use  our  natural  resources."  The  act  states  "that  existing  and  future 
programs  must  be  interrelated  and  coordinated  within  a  system  of  orderly  devel- 
opment and  established  priorities  consistent  \^ith  a  national  urban  growth 
policy." 

To  help  formulate  such  a  policy.  Congress  requires  tiie  President  to  submit 
a  biannual  Report  on  Urban  Growth.  The  first  one  was  due  and  punctually  de- 
livered last  February  during  the  famous  "week  that  changed  the  world"  with 
the  President's  visit  to  China.  But  that  was  not  the  only  reason  why,  to  our 
knowledge,  only  one  newspaper,  the  Wall  Street  Journal,  reported  it.  Another 
reason  is  that  in  a  clear  reversal  of  what  he  had  said  2  years  earlier,  the 
President — or  those  who  prepared  this  report  for  him — now  negate  the  need 
for  a  national  growth  policy.  The  report,  to  begin  with,  drops  the  word  "urban" 
from  its  title  on  the  plausible  grounds  that  "n;ral  and  urban  community  develop- 
ment are  inseparably  linked."  It  then  proceeds  to  argue,  less  plausibly,  we  think, 
that  "no  single  policy,  nor  even  a  single  coordinated  set  of  policies,  can  remedy 
or  even  significantly  ameliorate  all  of  our  ills."  We  must,  after  all,  the  Presi- 
dent's second  thought  continues,  respect  the  country's  diversity  and  pluralism. 
"V'^Tiat  with  "our  unwillingness  to  trust  our  destiny  to  the  edicts  of  any  govern- 
ment or  the  whims  of  any  group,"  the  report  says,  "there  is  no  place  in  our  coun- 
try for  any  policy  which  arbitrarily  dictates  where  and  how  our  citizens  will 
live  and  work  and  si>end  their  leisure  time." 

The  document  proceeds  to  provide  some  70  pages  of  statistics  and  listings  of 
existing  national,  state  and  local  programs  that  bear  on  the  subject  of  urban 
growth.  There  is  not  a  word  about  how  those  100  million  children  will  live,  how 
to  check  the  evacuation  of  rural  America  or  the  plight  of  our  decayefl  central 
cities,  let  alone  about  where  to  build  highways,  locate  airports  or  any  other 
decisions  that  would  aid  "balanced  growth  for  America." 

This  abandonment  of  a  new  hope  for  a  new,  more  comprehensive  approach  to 
bringing  order  and  a  greater  measure  of  social  justice  into  our  urban  areas 
where  more  than  70  percent  of  all  Americans  live,  must,  first  of  all.  be  a  keen 
disappointment  to  the  President's  own  Secretary  of  Housing  and  Urban  Develop- 
ment. Mr.  Romney  has  long  realized  that  the  problems  of  the  inner  city  can  no 
longer  be  solved  within  the  city's  boundaries.  He  has  urged  the  White  House  to 
endorse  a  new  approach  toward  metropolitan  area  planning  to  help  people  out 
of  the  ghetto.  This  program  for  a  "total  American  living  environment,"  or 
TACLE,  was  ignored  in  the  President's  vaciious  report  and  has  therefore  pre- 
sumably been  killed.  Mr.  Romney  publicly  aired  his  disappointment  when  he 
said  in  a  recent  speech  :  "We  need  to  nuike  the  hard  analysis  that  we  don't  yet 
know  how  to  solve  this  movniting  crisis  of  people  in  our  central  cities — but  we 
must  find  out  before  it  is  too  late.  Failure  to  do  so  could  result  in  a  fatal  national 
crisis." 
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The  President's  first  "Report  on  National  Growth"  should  also  be  a  keen 
disappointment  to  Congress  whose  mandate  it  largely  disregards.  So  far  there 
has  been  hardly  a  murmur  of  protest  on  Capitol  Hill.  Congress  has  other  troubles. 
And  although  it  voted  for  urban  order,  it  does  not,  like  the  press  and  the  public 
at  large,  attach  a  very  high  priority  to  this  complex  issue.  It  is  much  the  same, 
we  feel,  as  it  was  with  other  environmental  problems  before,  largely  due  to  the 
agitation  of  the  young  in  this  country  and  their  "Earth  Day,"  the  "establish- 
ment" was  moved  to  action  on  air  and  water  pollution. 

Land  pollution,  due  to  ungiiided  urban  growth,  however,  is  very  much  part 
of  our  environmental  crisis.  As  Mr.  Roniney  says,  this  must  be  recognized  before 
it  is  too  late. 


Comments  on  National  Growth 

(By   Jay  W.   Forrester,   Germeshausen   Professor,   Massachusetts   Institute  of 

Technology) 

The  country  is  rapidly  becoming  aware  of  the  environmental,  economic,  and 
social  pressures  that  are  being  generated  by  growth  of  population  and  industrial 
activity.  Such  pressures  develop  as  growth  begins  to  fill  the  available  natural 
environment.  The  stresses  from  growth  do  not  become  conspicuous  until  growth 
begins  to  impinge  on  its  many  limits.  Growth  was  able  to  continue  without  nega- 
tive consequences  as  long  as  we  had  an  excess  of  farmland,  natural  resources, 
energy,  and  pollution  dissipation  capacity.  But  once  these  limits  began  to  be  ap- 
proached, pressures  started  to  rise.  As  growth  continues,  the  pressures  from  the 
consequences  will  increase  ever  more  rapidly. 

In  response  to  these  pressures  created  by  growth  encountering  the  various 
national  limits.  Congress  requested  and  the  President  submitted  a  "Report  on 
National  Growth  1972."  Against  a  national  history  in  which  growth  has 
been  strongly  encouraged,  the  report  is  a  break  with  tradition  when  it  recog- 
nizes that  many  of  the  Nation's  difficulties  are  benig  created  by  growth.  But 
the  report  fails  to  come  to  grips  with  the  growth  issue.  The  President's  report 
nizes  that  many  of  the  Nation's  difficulties  ari.sing  from  growth  can  be  alleviated 
without  having  to  control  the  underlying  cause.  In  so  doing,  the  theme  follows 
the  "quantity  with  quality"  viewpoint  expressed  in  the  title  of  an  earlier 
report. 

But  the  issue  is  no  longer  "quantity  with  quality"  but  instead  is  "quantity 
versus  quality."  As  population  grows  and  the  production  of  goods  is  more 
and  more  limited  by  environmental  capacity,  the  material  standard  of  living 
will  level  out  and  then  decline.  As  population  and  industrialization  expand, 
crowding  will  increase,  environmental  damage  will  continue,  and  economic  and 
social  aspects  of  the  society  will  gradually  deteriorate.  All  of  this  means  a 
declining  quality  of  life  as  population  and  industrialization  continue  to  become 
denser  in  the  available  space. 

The  "Report  on  National  Growth  1972"  perhaps  moves  as  far  as  is  now  politi- 
cally feasible  toward  questioning  growth.  It  does  identify  the  symptoms  of 
growth.  It  does  suggest  we  must  do  something  about  those  symptoms.  But  it  does 
not  face  the  issue  of  doing  something  about  the  causes  of  the  sympoms. 

On  the  matter  of  growth  as  the  cause  of  the  problems  discussed  in  the  report, 
the  report  is  most  misleading.  It  suggests  that  growth  can  continue  without 
detrimental  consequences.  It  suggests  that  the  government  must  find  ways  to 
continue  and  to  encourage  growth.  This  is  quite  incompatible  with  the  ultimate 
need  to  slow  and  stop  growth  so  that  the  quality  of  life  can  be  kept  as  high  as 
possible. 

The  report  is  a  transitional  document.  It  identifies  the  undesirable  consequences 
of  growth  but  does  not  face  the  cause  itself.  One  might  hope  that  the  next  bi- 
annual report  from  the  President  to  Congress  would  address  the  question  of  how 
long  growth  can  continue.  It  should  also  face  the  inherent  tradeoff  between 
quality  and  quantity.  It  should  examine  the  time  span  necessary  for  moving  into 
an  equilibrium  in  population  and  industrial  activity.  It  should  begin  to  discuss 
the  quality  of  life  that  can  still  be  retained,  after  the  unavoidable  growth  occurs 
that  will  take  place  during  the  transition  time  beween  now  and  when  equilibrium 
can  be  esabli-shed. 
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[From  The  Washington  Post,  Apr.  8,  1972] 
SUMMARY  "■ 

LAND  USE  AND  URBAN  GROWTH— Report  of  the  Task  Force  on  Land  Use 
and  Urban  Growth  of  the  Citizens'  Advisory  Committee  on  Environmental 
Quality 

SELECTIVE    STRATEGIES    FOR    DEVELOPMENT    AND    CONSEBVATION 

"This  is  a  hopeful  report,  one  which  acknowledges  the  real  con- 
straints of  the  political  process  in  our  cities,  States,  and  in  the  Fed- 
eral Government,  one  that  does  not  gloss  over  intractable  problems 
to  minimize  diflSculties  but  which  attempts  to  clarify  what  we  know 
and  what  we  don't  know  and  which  identifies  a  selective  strategy  for 
improvement  in  the  way  our  cities  and  siuburbs  and  even  some  re- 
mote areas  are  physically  developed  and  redeveloped. 

"Our  central  concern  has  been  with  the  use  of  land  as  it  affects 
many  other  conditions  of  life :  the  environment  we  enjoy,  how  far 
we  must  live  from  our  place  of  work,  who  are  our  neighbors  and  our 
children's  classmates. 

"We  have  looked  for  the  point  of  leverage  where  public  policy 
might  improve  circumstances  and  free  private  energies  to  contribute 
to,  not  work  against,  the  broader  public  interests." 

L    THE    SITUATION 

On  the  one  hand,  unrestrained,  piecemeal  urbanization — supported  by  a  value 
system  that  has  traditionally  equated  growth  with  the  good  life — has  produced 
too  many  dreary,  environmentally  destructive  suburbs  of  a  single  lifestyle;  too 
many  bland,  indistinct  city  centers  :  extensive  mismanagement  of  the  earth's 
resources;  and  rising  popular  discontent.  (In  some  areas  that  have  experienced 
especially  rapid  growth  many  citizens  are  questioning  the  desirability  of  more 
growth.  People  concerned  about  urbanization  tend  to  be  against  higher  density 
and  to  sanctify  the  single-family  home.  They  challenge  rezonings  that  would 
accommodate  more  growth,  propose  studies  of  optimum  population,  and  approve 
height  limitations.  Often  they  seem  to  be  viewing  development  itself  as  the  en- 
emy, a  kind  of  pollution  that  causes  congestion  and  destroyed  views.  In  the  1972 
elections,  environmental  improvement  was  one  of  the  few  policy  proposals — 
perhaps  the  only  proposal — for  which  citizens  in  many  parts  of  the  country  were 
willing  to  vote  increases  in  spending.  And  of  57  candidates  for  Senate,  House, 
and  gubernatorial  posts  endorsed  by  the  League  of  Conservation  Voters,  43  from 
25  States  were  successful. 

On  the  other  hand,  the  needs  of  the  American  population,  existing  and  pro- 
jected, can  be  met  only  through  continuing  development.  (The  fertility  rate  would 
have  to  stay  at  the  low  ZPG  level  for  about  75  years  before  population  growth 
would  stop.  The  number  of  U.S.  households  is  increasing  even  more  sharply  than 
the  number"  of  people ;  from  now  until  1985  more  than  27,000  new  households 
are  anticipated  every  week,  equal  to  a  city  the  size  of  Kalamazoo,  Mich.  This 
increase  in  the  household  formation  rate  is  one  third  greater  than  that  experi- 
enced during  the  decade  1960-70.  With  higher  income  have  come  higher  levels  of 
consumption — automobile  ownership,  recreation,  travel,  the  purchase  of  bigger 
homes  and  even  second  homes,  with  the  result  that  people  spread  out  farther 
over  the  land.  As  a  consequence,  urban  land  area  is  increasing  far  faster  than  the 
size  of  the  urban  population  or  the  number  of  urban  households.) 

n.   THE  PROBLEM 

How  shall  we  organize,  control,  and  coordinate  the  process  of  urban  develop- 
ment so  as  to  protect  what  we  most  value  in  the  environmental  cultural  and 
esthetic  characteristics  of  the  land  while  meeting  the  essential  needs  of  the 
changing  U.S.  population  for  new  housing,  roads,  powerplants,  shopping  centers, 
parks,  businesses,  and  industrial  facilities? 


The 


'■  The  complete  report  will  be  published  by  Tbomas  Y.  Crowell  Company  under  the  title. 
I  lie  Use  of  the  Land:  A  Citi:^e7is'  Policii  Guide  to  Urhan  Growth.  A  Task  Force  Report 
Sponsored  by  the  Rockefeller  Brothers  Fund.  Appr.  .S.S4  pages,  .5%x8i/4.  50  photographs, 
12  charts,  6  cartoons.  Indexed.  Hardcover  .flO.  Paperback  $3.95.  Prepublication  copies 
will  be  available  late  in  May. 
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m.   MAIN   OBSTACLES   TO  A   SOLUTION 

Historically,  public  opinion  has  favored  development  almost  irrespective  of 
the  cost  to  the  environment.  Our  laws  and  institutions,  many  of  which  evolved 
during  a  time  when  growth  was  a  national  ideal,  reflect  a  prodevelopment  bias. 

Now,  although  public  opinion  is  changing,  agencies  that  play  l)y  the  old  rules 
are  increasingly  coming  under  attack,  while  new  rules  have  yet  to  be  formulated 
and  accepted. 

Processes  which  allow  for  sensitive  accommodations  and  balance — that  assure 
protection  of  critical  open  spaces  and  historic  buildings,  but  also  assure  that 
essential  development  needs  are  met — are  not  yet  in  effect  in  most  areas. 

Many  citizens  lack  confidence  in  oflScial  land  use  plans.  They  distrust  the  way 
zoning  decisions  are  made. 

Landowners  expect  relatively  unlimited  rights  to  develop  their  property  even 
at  the  expense  of  scenic,  ecological,  and  cultural  assets  treasured  by  the  public 

Developers  are  increasingly  having  difficulty  getting  land  in  sufficient  size 
parcels  and  with  zoning  and  .'■ewage  adequate  to  permit  quality  development 
The  land  market  is  a  large  part  of  the  problem  ;  so,  in  some  areas,  are  antigrowth 
attitudes. 

Most  developers  lack  the  opportunity  to  significantly  improve  the  quality 
of  projects.  The  small  scale  of  their  operations,  or  the  restrictive  policies  of 
local  government,  work  against  variety  protection  of  important  open  spaces 
and  other  environmental  lands,  and  accommodations  of  lower  income  people 
and  mixed  life  styles  in  many  areas. 

Incentives  created  by  the  local  property  tax,  and  the  small  size  of  many  local 
governments,  lead  them  in  some  growing  suburban  areas  to  resist  essential  urban 
development,  to  exclude  the  poor,  and  to  make  decisions  that  will  not  raise 
property  taxes  or  visit  change  on  established  residents.  The  same  incentives 
can  sometimes  lead  them  to  permit  development  in  the  wrong  places. 

IV.    OUR    WORKING   ASSUMPTIONS 

The  United  States  has  institutions  and  policies  for  solving  problems  of  air 
and  water  pollution.  To  solve  the  problems  of  urban  growth,  we  have  neither 
adequate  institutional  processes  nor  the  necessary  legal  doctrine. 

We  have  not  yet  learned  to  build  communities  that  are  environmentally  sound 
and  racially  open. 

We  are  in  a  period  of  great  ferment  when  citizen  groups,  the  courts,  a  number 
of  State  governments,  the  national  administration,  and  congressional  commit- 
tees have  begun  to  consider  fundamental  reforms  in  the  way  State-local  respon- 
sibilities for  land  use  control  are  distributed.  At  the  heart  of  this  ferment 
is  the  recognition  that  States  must  have  the  responsibility  to  control  land  use 
decisions  that  affect  the  interests  of  people  beyond  local  boundaries  if  critical 
environmental  lands  are  to  be  protected  and  development  needed  by  the  broader 
regional  population  is  not  to  be  blocked  by  local  governments. 

Public  land  acquisition  cannot,  need  not,  be  the  whole  answer  to  the  problem 
of  open  space  protection  or  historic  preservation.  With  private  property  rights 
go  obligations  that  society  can  define  and  property  owners  should  respect. 

It  is  not  enough  to  think  only  of  conserving  what  we  have.  Conservation  must 
be  part  of  a  larger  effort  to  create  what  we  want.  In  a  time  of  massive  change, 
the  task  must  be  to  maintain  a  creative  balance  between  the  forces  of  conserva- 
tion and  the  forces  of  development.  Only  recently  and  in  selected  areas  where 
people  are  applying  new  high  standards  to  development  is  this  balance  becoming 
possible. 

v.    OUR    CONVICTION 

There  is  no  need  for  people  or  their  governments  to  accept  a  future  of  rela- 
tively continuous  urbanization  in  which  individuals  and  communities  lose  their 
identities. 

Nor  is  there  need  to  put  up  with  some  of  the  suburban  barriers  that  limit  the 
mobility  of  people  of  modest  means. 

Nor  is  there  need  to  accept  development  stretching  along  the  edges  of  roads 
and  sprawling  across  scenic  hills  and  valleys,  forests,  and  farms. 

There  is  opportunity,  in  short,  to  have  urban  regions  that  contain  natural 
beauty,  to  have  new  urbanized  areas  which  are  more  varied  and  satisfying  than 
those  we  are  familiar  with. 
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VI.  OTJB  APPROACH 

Before  we  came  to  our  conclusions,  we  surveyed  the  major  reports  in  land  use 
and  urban  growth  of  the  past  5  years ;  we  examined  significant  State  and  na- 
tional legislation,  pending  and  enacted  ;  and  we  conducted  field  studies  in — 

1.  Florida  ("Paradise  in  Peril"),  which  attracts  4,300  new  residents  each 
week,  550  to  Dade  County  (Miami)  alone  ;  which  includes  three  of  the  fastest 
growing  metropolitan  regions  in  the  Nation  ( south  Florida,  Tampa-St.  Peters- 
burg, and  Orlando)  ;  which  from  1950  to  1969  lost  169,000  acres  of  estuarine 
habitat  to  dredging  and  filling ;  which  in  April  1972  passed  a  strong  set  of  land 
and  water  management  laws. 

2.  Long  Island.  N.Y.,  where  2.6  million  people  are  concentrated  in  two 
counties  fragmented  into  110  taxing  jurisdictions;  which  in  10  years  (1954- 
64)  lost  a  full  29  percent  of  its  coastal  wetlands ;  where  the  NAACP  is  suing 
Oyster  Bay  on  charges  that  rezoning  has  been  used  as  a  tool  to  keep  out  the 
poor  and  the  black  :  where  environmentalists  have  proliferated  since  1969  into 
more  than  100  diverse  groups. 

3.  Colorado,  where  in  November  1972  voters  barred  the  use  of  city  and 
State  funds  to  support  the  1976  Winter  Olympic  Games,  pulling  in  a  welcome 
mat  that  had  been  out  for  20  years :  where,  in  Boulder,  citizens  considered 
(but  defeated)  the  first  referendum  in  the  Nation  to  limit  population  size; 
where  longtime  U.S.  Representative  Wayne  Aspinall  was  defeated  in  the 
1972  primary  by  a  law  professor  running  as  an  environmentalist ;  where 
a  statewide  land  use  plan  is  due  to  be  completed  by  December  1973. 

4.  California,  probably  the  only  State  where  concerned  private  citizens 
have  produced  a  comprehensive  plan  to  provide  alternatives  to  the  devel- 
opment proposals  of  Federal,  State,  and  local  agencies  ;  where  environmental 
impact  statements  are  required  for  significant  private  as  well  as  public  de- 
velopments ;  where  a  powerful  independent  regulatory  agency  has  been  au- 
thorized to  control  all  development  along  the  shores  of  San  Francisco  Bay ; 
where  voters  have  now  empowered  the  State  to  take  a  similar  approach  to 
regulating  all  development  along  the  California  coastline  and,  in  most 
instances,  1,000  yards  inland. 

VII.  CONCLUSIONS 

A  new  mood  in  American  attitudes  has  emerged  that  questions  traditional  as- 
sumptions about  the  desirability  of  urban  development.  The  motivation  is  not 
primarily  economic.  It  appears  to  be  a  part  of  a  rising  emphasis  in  human  values, 
on  the  preservation  of  natural  and  cultural  characteristics  which  make  for  a 
humanly  satisfying  living  environment. 

This  new  mood  represents  a  force  of  great  energy.  On  the  one  hand  it  is  an 
opportunity ;  finally,  a  broad,  popular  concern  for  planning  and  regulating  land- 
use  has  emerged  that  can  be  offset  a  gainst  the  one-sided,  purel.v  economic  values 
that  have  characterized  much  development  pressure.  On  the  other  hand,  it  pre- 
sents a  challenge,  for  it  encompasses  a  range  of  negative  attitudes  that  are  some- 
times confused  and  even  hostile  to  the  needs  of  our  society  for  new  development. 

Nevertheless,  this  new  mood  is  the  most  hopeful  portent  we  see.  Although  it 
contains  a  range  of  anxieties  and  discontents,  it  can  be  used  as  a  level  to  achieve 
the  changes  in  land-use  planning  and  control  which  will  insure  a  qualitatively 
different  future  for  us  and  for  American  generations  to  follow. 

Spokesmen  for  poor  i^eople  sometimes  say  that  environmentalists  are  more 
sensitive  to  the  plight  of  wild  ducks  than  of  people.  Indeed,  the  most  serious 
charge  is  that  public  policies  developed  in  response  to  these  new  attitudes  would 
necessarily  impose  their  heaviest  burdens  on  the  least  advantaged  members  of 
society. 

The  tensions  in  the  new  mood  will  be  better  dealt  with  and  understood  if  it  is 
recognized  that  the  disadvantaged  have  legitimate  needs  that  only  development 
can  meet,  and  that  a  measure  of  urban  growth  is  inevitable  in  our  lifetimes,  for 
the  poor  and  for  nearly  everyone  else.  All  stand  to  lose  by  growth-at-all  costs 
solutions.  All  can  share  in  the  better  life  which  so  many  Americans  by  their  new 
awareness  and  new  expectations  of  managed  growth  appear  to  believe  is  possible. 

"No  growth"  is  simply  not  a  viable  option  for  the  country  in  the  remainder  of 
this  century.  The  case  for  more  development  does  not  come  down  simply  to 
demograph.v — to  the  fact  that  we  must  house  the  people  who  are  already  around 
or  whose  birth  is  foreseeable — nor  even  to  any  inevitability  of  economic  growth. 
There  is  also  an  ideal  involved,  of  respecting  the  free  choices  of  Americans  to 
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move  in  search  of  a  better  job  or  a  better  life.  Mobility  has  been  a  traditional 
road  to  opportunity  in  American  life.  Wholesale  growth  restrictions,  imposed  by 
many  communities,  could  block  that  road  for  many  who  still  most  want  to  travel 
it. 

Governmental  efforts  to  divert  growth  away  from  metropolitan  areas  and  into 
lagging  areas  or  to  small  towns  have  had  little  success.  The  likelihood,  in  the 
absence  of  major  changes  in  attitudes,  is  for  continuation  of  the  metropolitan 
concentration. 

The  urban  region  is  a  fact  of  life ;  the  vast  majority  of  Americans  will  prob- 
ably continue  to  live  on  what  is  a  relatively  small  area  of  land,  not  in  cities  as 
we  have  known  them,  but  in  suburbs  and  exurbs  that  will  be  continuous  in  many 
areas.  The  issue  is  not  whether  there  will  be  urban  regions  in  the  future — that 
is,  regional  constellations  of  urban  centers  and  their  hinterlands,  as  opposed  to 
the  concept  of  single  super  cities.  The  issue  is  what  form  these  urban  centers 
will  take  and  what  they  will  look  like. 

High  density  or  high-rise  living  are  not  the  only  alternatives  to  sprawl.  Rel- 
atively low  densities  api>ear  fully  compatible  with  increased  economic  efficiency 
in  the  provision  of  local  sewers  and  roads,  and  with  conservation  of  substantial 
open  spaces. 

"In  most  instances  we  have  favored  the  rearrangement  of  processes,  and  the 
redesign  of  incentives  to  get  the  system  working  for,  not  against,  quality  urban 
development.  We  have  consciously  focused  less  on  negative  compulsion  than 
on  creating  positive  inducements,  less  on  increasing  public  expenditures  than 
on  making  sure  that  the  governmental  entity  with  the  proper  perspective  was 
the  one  responsible  for  dealing  with  a  particular  issue,  less  with  tilting  the 
balance  toward  environmental  groups  or  to  developmental  interests  than  in 
trying  to  make  certain  that  a  newly  emerging  balance  between  these  forces  is 
maintained." 

"Although  we  recommend  a  number  of  measures  to  inject  higher  levels  of  gov- 
ernment into  the  development  guidance  process,  we  think  it  clear  that  the  local 
base  of  regulations  should  be  established  by  local  decisions." 

vrn.  RECOMMENDATIONS 

Greenspace 

1.  In  newly  urbanizing  areas,  both  recreation  and  social  need  will  best  be 
served  by  establishing  a  public  policy  that  the  limited  natural  supply  of  prime 
recreational  open  .spaces,  particularly  coastal  and  waterfront  areas,  should, 
to  the  maximum  feasible  extent,  be  acquired  by  Government,  preser^-ed,  and  made 
publicly  accessible. 

2.  Federal  spending  for  open  space  acquisition  should  be  maintained  at  levels 
commensurate  with  needs.  We  .see  particular  merit  in  continuing  to  extend  the 
net  of  parks,  .seashores,  and  lakeshores  that  are  owned  and  managed  by  the 
Federal  Government  itself.  States,  many  of  which  are  currently  enjoying  budget- 
ary surpluses,  should  also  adjust  open  space  acquisition  plans  to  rising  needs, 
particularly  with  respect  to  areas  where  urban  growth  is  anticipated,  and  where 
waterfront  land  is  beginning  to  appreciate  as  a  result  of  pollution-control 
activities. 

3.  No  combination  of  Federal.  State,  and  local  land  purchases  is  likely  to 
acquire  all  the  open  spaces  that  might  ideally  be  enjoyed  by  the  general  pub- 
lic. Other  techniques  to  obtain  public  open  space  must  continue  in  use,  there- 
fore, and  efforts  to  devise  effective  new  techniques  must  continue. 

4.  State  and  local  governments  should  assert  and  protect  often  neglected  pub- 
lic rights  in  beaches  and  other  recreation  lands.  Similarly,  the  Federal  Gov- 
ernment" should  exploit  its  full  range  of  powers,  including  its  permit  authority 
and  public  works  activities,  so  as  to  promote  protection,  public  access  and  use. 

5.  Federal  estate  tax  laws  should  be  amended  to  permit  the  transfer  to  the 
Federal  Government  of  land  detennined  by  the  Secretary  of  the  Interior  to  be 
of  national  significance,  with  the  fair  market  value  of  the  land  offset  against 
Federal  tax  liabilities. 

6.  Governments  at  all  levels  shoiild  actively  solicit  open  space  donations  and 
should  facilitate  the  work  of  responsible  private  organizations,  such  as  the  Nature 
Conser^•ancy,  by  granting  them  charitable  status  for  real  estate  tax  purposes. 

7.  Mandatory  dedication  requirements  (impo.sed  on  developers)  can  be  an  equit- 
able and  inexpensive  way  to  provide  essential  urban  open  space. 

8.  In  newly  developing  areas,  developers  should  contribute  open  space  or  cash 
for  the  purchase  of  open  space,  sufficient  at  least  to  satisfy  the  reasonable  needs 
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of  the  residents  of  their  developments.  Local  governments  should  adopt  regula- 
tions requiring  such  contributions,  preferably  in  connection  with  cluster  provi- 
sions. States  should  authorize  and  encourage  the  adoption  of  these  local  regula- 
tions, or  should  adopt  similar  State  regulations. 

9.  State  legislation,  as  well  as  local  regulations,  should  assure  that  adequate 
public  accessways  exist  before  allowing  the  subdivision  or  development  of  pri- 
vate property  adjacent  to  public  beaches  and  waterfronts. 

10.  To  protect  public  open  space  against  diversion  to  other  public  use.  States 
should,  at  a  minimum,  provide:  (1)  That  alternatives  to  the  diversion  of  park- 
lands  be  formulated  with  full  opportunity  for  public  comment;  (2)  that  any 
open  space  taken  be  replaced  by  other  open  space  that  will,  wherever  possible, 
meet  similar  public  needs;  (3)  that  additional  procedural  protections  be  estab- 
lished to  insure  careful  evaluation  of  proposals  by  one  agency  to  condemn  open 
space  under  the  jurisdiction  of  another  agency  ;  and  (4)  that  methods  for  deter- 
mining the  value  of  open  space  be  improved  so  that  any  open  space  may  be  re- 
placed by  land  of  at  least  comparable  monetary  value. 

Since  it  is  neither  feasible  nor  acceptable  for  governments  to  acquire  the  vast 
agricultural  and  natural  areas  that  ought  to  be  conserved  within  future  urban 
regions,  suitable  mechanisms  must  be  found  to  protect  privately  held  open  space. 
Without  such  mechanisms,  even  moderate  objectives  of  open  space  protection  are 
unlikely  to  be  achieved. 

11.  The  land  market,  as  it  operates  today,  is  the  principal  obstacle  to  effective 
protection  of  private  open  space. 

12.  To  achieve  permanent  protection,  open  spaces  should  be  insulated  as  com- 
pletely as  possible  from  the  market  forces  that  now  inexorably  press  them  into 
development.  One  way  of  accomplishing  this  objective  is  for  owners  of  open 
spaces  to  give  up  or  sell  part  of  their  property  rights.  Another  is  for  local  or 
State  governments  to  regulate  development  of  open  spaces,  requiring  owners  to 
maintain  them  as  they  are. 

13.  State  as  well  as  local  governments  should  establish  protective  regulations 
to  prevent  incompatible  development  of  critical  agricultural  and  environmental 
areas.  Where  protected  areas  are  carefully  selected  as  the  result  of  a  compre- 
hensive planning  process,  States  should  authorize  and  encourage,  in  appropriate 
cases,  very  low  density  zoning,  including,  for  example,  requirements  for  50  or 
more  acres  per  dwelling  unit  permitted.  Enactment  of  a  national  land  iise  policy 
is  urgently  recommended  as  a  means  to  encourage  State  and  local  regulation  in 
a  framework  that  adequately  recognizes  both  regional  environmental  protection 
and  developmental  priorities. 

14.  The  Federal  Government  should  encourage  open  space  protection  by  formu- 
lating, mapping,  and  publicizing  a  set  of  advisory  national  open  space  classifica- 
tions for  consultation  by  Federal  agencies  in  the  planning  of  development  projects, 
for  use  in  support  of  State  and  local  plans  and  regulations,  and  for  consultation 
by  private  land  buyers  and  sellers. 

15.  Decisions  to  construct  sewers  and  to  provide  other  public  services  should 
be  taken  only  after  carefully  considering  whether  these  decisions  will  stimulate 
or  discourage  the  development  of  designated  open  spaces.  Plans  for  the  location 
of  federally  assisted  sewers  should  conform  to  a  comprehensive  land  use  plan. 

16.  Governments  and  charitable  organizations  have  a  significant  opportunity  to 
preserve  open  space  by  providing  owners  with  a  just  and  convenient  method  of 
donating  urbanization  rights  and  then  persuading  them  to  use  it.  In  time,  we 
believe,  private  ownership  of  open  spaces  without  urbanization  rights  should 
become  as  commonplace  as  ownership  of  land  without  mineral  rights. 

17.  Incentives  are  often  needed  to  encourage  protection  and  to  backup  regula- 
tions. Because  incentives  involve  a  tradeoff — offering  the  landowner  something 
in  return  for  a  desired  response — care  must  be  taken  to  assure  that  public  benefits 
are  commensurate  with  public  costs. 

18.  Measures  that  grant  partial  relief  from  real  estate  taxes  on  farms  in 
urbanizing  areas,  in  force  in  about  one-half  the  States,  should  be  reexamined 
to  assure  that  the  public  benefit  in  open  space  protection  warrants  the  very 
substantial  expense  that  reduced  taxes  entail.  Provisions  that  grant  reductions  in 
the  absence  of  permanent  restrictions  should  be  regarded  as  halfway  measures, 
justified  only  when  political  processes  will  not  accept  permanent  restrictions. 

19.  We  are  persuaded  that  a  mix  of  techniques,  including  public  acquisition 
and  the  purchase  of  development  rights  in  strategic  land  parcels  (those  located 
along  highways,  directly  adjoining  urbanized  areas,  and  along  waterfronts)  bul 
with  primary  reliance  on  federally  supported,  State-administered,  noncompen- 
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satory  regulations  can  achieve  the  permanent,  low-cost  protection  of  critical 
open  spaces,  including  buffer  zones  between  urbanized  areas. 

20.  We  see  the  need  for  a  national  lands  trust  to  be  established  either  within 
the  Interior  Department  or  by  Federal  charter  and  with  Federal  funding  of  .$200 
million  annually  to  be  made  available  on  a  matching  basis  with  a  75-percent 
Federal  share  to  assist  public  bodies,  particularly  State  land-use  agencies,  in  the 
designation,  planning,  and  conservation  of  extensive  greenspaces  in  and  around 
major  urbanizing  areas.  The  national  lands  trust  would  advise  on  regulatory  and 
acquisition  measures  and  make  funds  available  for  acquisition  of  strategically 
located  lands  and  partial  interests  in  lands  within  the  greenspaces. 

21.  A  changing  attitude  toward  land,  not  simply  a  growing  awareness  of  the 
importance  of  stewardship,  but  a  separation  of  ownership  of  the  land  itself  from 
ownership  of  urbanization  rights,  is  essential. 

22.  Historically,  Americans  have  thought  of  urbanization  rights  as  coming  from 
the  land  itself,  "up  from  the  bottom"  like  minerals  or  corps.  It  is  equally  possible 
to  view  them  as  coming  "down  from  the  top."  as  being  created  by  society  and 
allocated  by  it  to  each  land  parcel.  We  think  it  highly  likely  that  in  forthcoming 
decades  Americans  will  gradually  abandon  the  traditional  assumption  that  ur- 
banization rights  arise  from  the  land  itself.  Development  potential,  on  any  land 
and  in  any  community,  results  largely  from  the  actions  of  society  (especially  the 
construction  of  public  facilities) .  Other  free  societies,  notably  Great  Britain,  have 
abandoned  the  old  assumption  in  their  legal  systems  and  now  treat  development 
rights  as  created  and  allocated  to  the  land  by  society. 

HISTORIC   PBESEBVATION 

23.  Historic  areas  need  protection,  too.  Many  communities  have  important  or 
unusual  historic  buildings  or  whole  streets  and  neighborhoods  with  historic 
integrity,  where  the  buildings,  by  their  age,  design,  and  scale,  form  a  unit  of 
visual  continuity  and  character.  Such  areas  may  already  be  registered  historic 
districts,  as  in  Charleston.  Boston,  and  Santa  Fe,  or  they  may  be  stylistically 
varied  areas  lacking  any  significant  .single  buildings  but  forming  units  of  pleasing 
proportion  and  providing  a  sense  of  the  past.  Such  historic  properties  are  vulnera- 
ble to  the  same  threats  as  open  space,  and  their  preservation  often  poses  the  same 
"buy  it  or  lose  it"  dilemma  to  local  authorities.  We  see  historic  districts  and 
buildings  benefiting  from  the  same  approach  and  many  of  the  same  techniques  we 
recommend  for  protecting  privately  owned  open  space,  an  approach  based  pri- 
marily on  regulation,  not  purchase. 

24.  We  need  broadened  classifications  for  historic  areas.  Present  criteria  for 
listing  in  the  National  Register  of  Historic  Places  are  that  the  area  possess  integ- 
rity of  location,  design,  setting,  materials,  workmanship,  feeling,  and  associations 
and  represent  a  significant  and  distinguishable  entity  (even  if  the  components 
lack  individual  distinction). 

25.  The  insistence  upon  integrity  of  design,  feeling,  and  workmanship  discrimi- 
nates against  areas  where  organic  growth  has  produced  a  stylistic  mixture.  Be- 
cause of  the  variety  in  physical  structures,  these  areas  can  often  support  a  varied 
rent  structure  and  provide  a  refre.shing  diversity  of  uses  and  people.  We  urge  that 
urban  neighborhoods  characterized  by  a  mix  of  uses,  a  vitality  of  street  life,  and 
a  physical  integrity  be  given  recognition  of  the  national  register  as  "conservation 
areas." 

26.  For  historic  preservation,  as  for  open  space  protection,  the  first  requisite 
is  a  framework  for  regulation,  preferably  a  statewide  system  for  registration  of 
historic  districts  and  properties  and  a  clear  policy  favoring  preservation.  States 
should  enact  appropriate  legislation  to  implement  the  Model  State  Guidelines 
for  Historic  Preservation  recommended  by  the  Council  of  State  Governments 
among  its  1972  suggested  legislative  proposals.  Such  legislation  would  establish 
a  State  institutional  structure  for  the  review  and  regulation  of  historic  sites, 
structures,  and  districts  and  would  enable  local  governments  to  take  special 
measures  to  assure  that  the  integrity  of  historic  areas  is  protected. 

ADAPTING    OLD    LAWS    TO    NEW    VALUES 

27.  To  protect  critical  environmental  and  cultural  areas,  tough  restrictions 
will  have  to  be  placed  on  the  use  of  privately  owned  land.  These  restrictions 
will  be  little  more  than  delaying  actions  if  the  courts  do  not  uphold  them  as 
reasonable  measures  to  protect  the  public  interest,  in  short,  as  restrictions  tiiat 
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landowners  may  fairly  be  required  to  bear  without  payment  by  the  government. 
The  interpretation  of  the  "takings  issue"  "  is  therefore  a  crucial  matter  for  future 
land-use  planning  and  regulatory  programs. 

28.  Many  judicial  precedents  (including  some  from  the  U.S.  Supreme  Court) 
that  date  from  a  time  when  attitudes  toward  land,  natural  processes,  and  plan- 
ning were  different  from  those  of  today.  Many  judicial  precedents  are  anach- 
ronistic now  that  land  is  coming  to  be  regarded  as  a  basic  natural  resource  to 
be  protected  and  conserved  and  urban  development  is  seen  as  process  needing 
careful  public  guidance  and  control. 

29.  Ignorance  of  what  higher  courts  have  actually  been  willing  to  sustain  has 
created  an  exaggerated  fear  that  restrictive  actions  will  be  declared  unconstitu- 
tional. Such  uncertainty  has  forestalled  countless  regulatory  actions  and  induced 
numerous  bad  compromises.  The  popular  impression  of  the  takings  clause  may  be 
even  more  out  of  date  than  some  court  opinions. 

30.  Extensive  case  preparation  is  necessary  to  demonstrate  the  constitutional 
validity  and  public  benefit  of  land-use  regulations.  To  facilitate  that  preparation, 
the  trend  toward  "environmental  division.s"  within  the  offices  of  State  attorneys 
general  and  county  and  municipal  attorneys  should  continue,  and  attorneys  in 
these  divisions  are  urged  to  devote  a  substantial  share  of  their  efforts  to  land-use 
regrulation. 

31.  Existing  nonprofit  organizations  should  be  supported  and  appropriate  addi- 
tional organizations  established  that  will  provide  government  attorneys  with  the 
expert  testimony,  research  assistance,  and  skilled  tactical  advice  needed  to  pre- 
pare for  important  land-use  cases. 

32.  State  and  local  legislative  bodies  should  continue  to  adopt  regulatory 
measures  which  they  believe  fair  and  necessary  to  protect  environmental  and 
cultural  features.  This  is  important  not  only  directly,  to  protect  these  features, 
but  also  to  help  create  a  climate  of  opinion  in  which  lawmakers  and  judges  will 
regard  tough,  needed  restrictions  as  a  proper  exercise  of  governmental  power. 

33.  The  courts  should  presume  that  any  change  in  existing  natural  ecosystems 
is  likely  to  have  adverse  consequences  difficult  to  foresee.  The  proponent  of 
the  change  should  therefore  be  required  to  demonstrate,  as  w^ll  as  possible,  the 
nature  and  extent  of  any  changes  that  will  result.  Such  a  presumption  would 
build  into  common  law  a  requirement  that  the  challengers  of  a  governmental 
regulation  prepare  a  statement  similar  to  the  environmental  impact  statements 
now  required  of  public  agencies  under  Federal  programs. 

34.  It  is  time  that  the  U.S.  Supreme  Court  reexamine  its  earlier  precedents 
that  seem  to  require  a  balancing  of  public  benefit  against  land  value  loss  in 
every  case  and  declare  that  when  the  protection  of  natural,  cultural  or  esthetic 
resources  or  the  assurance  of  orderly  development  are  involved,  a  mere  loss 
in  land  value  will  never  be  justification  for  invalidating  the  regulation  of  land 
use.  Such  a  reexamination  is  particularly  appropriate  considering  the  consensus 
that  is  forming  on  the  need  for  a  national  land-use  policy. 

DEVELOPMENT — SHAPING    COMMUNITIES    AND    NEIGHBORHOODS 

35.  The  mechanisms  used  to  regulate  development  need  improvement.  Under 
most  State  enabling  legislation  today,  the  locality  that  has  a  sound  planning 
process  can  take  many  of  the  regulatory  steps  needed  to  control  development 
accordingly.  To  do  so,  however,  the  locality  must  often  distort  its  regulatory 
process  to  fit  a  model  established  by  one-half-century-old  enabling  legislation. 
The  distortion — particularly  the  overemphasis  on  detailed  preregulation  of  the 
results  of  the  development  process  and  imderemphasis  of  the  ongoing  processes 
of  policymaking  and  planning  and  discretionary  decisionmaking  that  adapt  regu- 
lation to  unfolding  reality — sometimes  obscures  the  process  even  to  decision- 
makers themselves  and  often  seriously  misleads  the  general  public.  (We  look 
forward  to  completion  and  release  of  the  American  Law  Institute's  Model  Land 
Development  Code,  which  promies  to  furnish  invaluable  aid  in  the  moderniza- 
tion of  out-of-date  State  enabling  acts.) 

36.  Even  though  communities  must  be  more  effectively  protected  against  inap- 
propriate development,  additional  protection  is  not  the  most  pressing  need  at 
the  community  level.  The  even  greater  need  is  to  remold  the  development  proc- 
ess— not  only  the  regulatory  process  but  also  the  methods  by  which  land  and 
utilities  are  made  available — in  order  to  fo.ster  quality  development,  specifically 


2  The    so-callerl    "takines    clniisp"    in    thp    fifth    nmonrlmpnt    to    the    U.S.    Constitution: 
"•   *   *  nor  shall  private  property  be  taken  for  public  use,   without  just  compensation." 
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to  enable  and  encourage  developers  to  operate  at  larger  scales  and  to  use  their 
resulting  opportunity  to  create  quality  communities. 

37.  Just  as  State  governments  are  intervening  to  provide  more  protection  in 
some  areas,  so  much  they  intervene  on  behalf  of  more  development,  particularly 
the  sort  that  local  governments  often  exclude. 

38.  For  the  convenience  of  all  concerned — builders,  neighbors,  administrators, 
citizens  at  large — a  convenient,  nondiscretionary  mechanism  must  be  provided 
to  permit  the  mass  of  small  projects  to  proceed  without  elaborate  review — a 
resembling  today's   nondiscretionary   building  permit. 

39.  For  major  and  unusual  development,  we  believe  that  the  discretionary 
review  process  will  benefit  if  it  approaches  more  closely  the  environmental  im- 
pact statement  process.  The  great  benefits  of  the  process  are  its  focus  on  pro- 
posed development ;  its  consideration  of  feasible  alternatives ;  and  its  replace- 
ment of  the  "minimum  standards"  concept  with  a  concept  of  seeking  among 
feasible  alternatives  what  is  best  for  the  public  interest.  In  the  long  run  the 
greatest  importance  of  the  environmental  impact  statement  process  may  lie  in 
its  establishment  of  a  higher  standard  of  conduct  for  development  agencies, 
requiring  them  to  publicly  evaluate  opportunities  within  a  broad  spectrum  of 
public  objectives. 

40.  Every  element  of  the  regulatory  process,  including  deliberations  and  ad- 
visory recommendations  as  well  as  final  decisions,  should  take  place  at  adver- 
tised meetings  that  are  open  to  the  general  public.  To  this  end,  both  local  and  State 
laws  should  establish  open-meeting  requirements  applicable  to  all  governmental 
agencies  responsible  for  land-use  regulations. 

41.  To  reduce  conflicts  of  interest,  State  and  local  laws  should  disqualify  local 
and  State  oflBcials  from  voting  or  otherwise  participating  in  any  regulatory 
decision  whose  outcome  could  confer  financial  benefit,  or  could  appear  to  the 
public  to  confer  financial  benefit,  to  themselves,  their  families,  or  their  business 
or  professional  associates.  All  persons  having  any  responsibility  for  land-use 
regulation,  including  elected  and  appointed  officials  and  employees,  should  also 
be  required  by  law  to  make  periodic  public  disclosures  of  their  financial  interests 
and  real  estate  holdings  within  the  jurisdiction  over  which  they  exercise 
responsibility. 

42.  Citizen  suits  appealing  from  local  regulatory  decisions  should  be  permitted 
by  any  local  resident  in  the  public  interest,  without  regard  to  property  owner- 
ship or  other  financial  interest  in  the  outcome.  Citizen  suits  to  enforce  ordinance 
requirements  should  also  be  permitted.  Such  actions  should  be  subject  to  appro- 
priate safeguards  against  premature  or  frivolous  litigation. 

43.  Fairness  alone  is  not  enough.  The  regulatory  process  will  not  merit  public 
trust  and  respect  unless  decisions  are  based  on  consistent  policies  and  plans.  A 
process  of  planning  and  policymaking,  far  superior  to  the  one  now  found  in 
most  localities,  is  essential  both  to  earn  citizen  respect  for  the  regulatory  process 
and  to  achieve  its  public  objectives. 

44.  Governments  should  use  all  acceptable  means  to  channel  as  much  develop- 
ment as  possible  into  new  communities  or.  to  the  extent  that  these  are  unachieve- 
able.  to  channel  as  much  development  as  possible  into  "growth  units"  ^  as  recom- 
mended by  the  American  Institute  of  Architects.  It  should  be  recognized  that  the 
success  of  this  policy  will  be  contingent  upon  the  effectiveness  of  implementing 
measures  in  overcoming  the  several  obstacles  that  now  deter  developers  from 
operating  at  larger  scales. 

45.  Loan  guarantees  now  available  under  title  YIT  of  the  Urban  Growth  and 
New  Community  Development  Act  of  1970  should  be  expanded  and  made  avail- 
able also  for  the  development  of  "growth  units." 

46.  The  Statps  should  establish  Government  entities,  comparable  to  New  York's 
Urban  Development  Corp..  responsible  for  assisting  and  when  necessary  directly 
undertaking  large-scale  projects.  These  entities  should  have  the  full  range  of 
powers,  including  the  power  of  eminent  domain,  the  power  to  override  local 
land-use  regulations,  and  the  power  to  control  the  provision  of  public  utilities, 
whenever  necessary  to  overcome  the  barriers  that  now  prevent  most  developers 
from  operating  at  the  larger  scales  the  public  interest  requires. 

47.  The  development  process  should,  insofar  as  possible,  be  shaped  so  that 
home  buyers  and  other  con.sumers  in  the  development  process  perceive  continii- 
ing  livability  as  the  key  to  profitability.  Any  potential  divergence  between 
livability  or  quality  and  profitability  should  be  minimized. 


s  Of  .500  to  ;'..000  dwpllincr  units,  larjrp  pnniicrh  to  sustain  an  olompntary  school,  commu- 
nity center  with  recreational  facilities,  convenience  shopping,  and  open  space. 
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DEVELOPMENT  :  SHAPING  FUTURE  REGIONS 

48.  Important  development  should  be  regulated  by  governments  that  rep- 
resent all  the  people  whose  lives  are  likely  to  be  affected  by  the  development,  in- 
cluding people  vpho  could  benefit  from  it  as  well  as  those  who  could  be  harmed 
by  it.  Where  a  regulatory  decision  sugniflcantly  affects  people  in  more  than 
one  locality,  this  will  require  more  forceful  State,  regional,  or  even  Federal 
action  than  has  been  usual  in  the  past. 

49.  Congress  should  enact  a  National  Land  Use  Policy  Act  authorizing  Fed- 
eral funding  for  States  to  assert  control  over  land  use  of  State  or  regional  impact 
and  concern.  Such  legislation  should  include  both  incentives  in  the  form  of 
Federal  financial  aid  and  sanctions  in  the  form  of  reductions  in  Federal  high- 
way, airport  funds,  and  open  space  funds. 

50.  As  part  of  an  overall  strategy  to  increase  public  acceptance  of  the  exercise 
of  State  responsibility  for  development  guidance,  the  States  are  encouraged  to 
enact  measures  that  reduce  the  impact  of  new  development  on  local  property 
tax  rates. 

51.  State  legislation  should  deprive  local  governments  of  the  power  to  establish 
minimum  floor  area  requirements  in  excess  of  a  statewide  minimum  established 
by  statute. 

52.  The  continuing  effort  of  civil-rights  groups  and  other  litigants  to  obtain 
court  decrees  invalidating  exclusionary  regulations  are  encouraged  as  essential 
steps  toward  achieving  the  State  legislation  and  administrative  action  which 
are  ultimately  necessary  to  safeguard  fundamental  rights. 

53.  Revisions  to  existing  federal  housing  programs,  particularly  those  intro- 
duced by  the  Housing  Act  of  1968,  should  concentrate  on  a  restructuring  of 
incentives  to  encourage  private  investors  using  these  programs  to  take  a  long- 
term  interest  in  their  investments. 

54.  States  should  enact  legislation  requiring  environmental  impact  analyses 
in  connection  with  major  actions  of  State  and  local  governments  which  signifi- 
cantly affect  the  environment. 

55.  As  agencies  gain  experience  with  the  environmental  impact  statement 
requirements,  they  should  seek  increasingly  refined  ways  to  identify  the  actions 
and  issues  that  are  important  enough  to  warrant  such  review.  Plans,  minimum 
standards,  or  other  criteria  that  assure  some  alternative  control  over  the  less 
important  actions  may  prove  most  acceptable. 

56.  For  powerplants  and  other  critical  development,  project  review  procedures 
should  be  modified  so  that  disapproval  of  one  development  proposal  must  be 
accompanied,  in  the  same  proceeding,  by  approval  of  an  alternative  or  abandon- 
ment of  the  project  if  need  cannot  be  satisfactorily  demonstrated.  A  much  more 
thorough  planning  process  is  needed  for  this  purpose  as  well  as  review  agencies 
with  larger  geographical  jurisdiction.  Passage  of  pending  powerplant  siting 
legislation  would  be  an  important  step  toward  fulfilling  this  need. 

LOT  SALES  IN  RURAL  AREAS 

There  are  now  about  2.9  million  second  or  recreational  homes  in  America, 
up  from  1.7  million  in  1967.  It  has  been  estimated  that  95,000  second  or  resort 
homes  were  started  in  1971,  up  from  an  estimated  average  of  20,000  per  year 
in  the  llMO's.  40,000  per  year  in  the  1950's,  and  75,000  per  year  in  the  1960's.  The 
estimated  annual  demand  for  .second  homes  is  expected  to  reach  200,000  by 
1980. 

Nevertheless,  rural  lots  are  being  created  far  faster  than  second  homes.  It  is 
estimated  that  6-50,000  recreational  lots  were  sold  in  1971.  For  the  Nation  as  a 
whole  at  least  six  recreational  lots  were  sold  that  year  for  each  .second  home 
started.  Much  of  the  excess  of  lots  sales  over  second  home  starts  is  the  result  of 
demand  artifically  inflated  by  high  pressure  sales  practices.  Many  buyers  are 
encouraged  to  think  of  the  lots  as  an  investment  or  speculation  rather  than  as  a 
building  site  that  they  might  someday  use  and  enjoy. 

57.  There  should  be  no  effort  to  discourage  the  creation  of  bona  fide  recreation 
communities.  In  the  absence  of  specific  wrongs,  such  as  consumer  victimization 
or  environmental  damage,  there  is  nothing  wrong  about  second  homes.  The  overall 
goal  should  be  to  encourage  the  creation  of  livable,  ecologically  sound  recreational 
communities,  and  to  prevent  lot  sales  where  such  communities  seem  unlikely  to 
come  into  being. 

58.  Recreational  home  developments  should  be  required  to  satisfy  the  same 
environmental  and  land  use  policy  standards  that  ought  to  apply  to  first  home 
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developments.  This  does  not  necessarily  mean  that  such  communities  must  have 
curbings  or  sidewalks,  any  more  than  communities  for  first  homes  in  every  case 
require  such  facilities.  It  does  mean  that  local  governments  should  establish  sub- 
division requirements  suflBcient  to  assure  that  all  subdivisions,  whether  for  first 
homes  or  second,  will  attain  acceptable  development  standards  and  provide  ade- 
quate public  facilities  including  those  for  water  supply  and  sewage  disposal 
appropriate  to  the  ecological  character  of  the  area  in  view  of  the  total  popula- 
tion that  would  result  if  each  lot  were  used.  Bonding  of  any  public  facilities 
.should  be  a  condition  of  subdivision  approval.  Where  installation  of  facilities  is 
to  be  postponed,  substantial  sums  should  be  added  to  the  amounts  of  bonds  required 
to  account  for  future  inflation.  To  assure  tliat  needed  facilities  are  guaranteed 
even  in  subdivisions  in  remote  rural  jurisdictions,  the  States  should  also  establish 
regulations  requiring  these  facilities. 

59.  Every  effort  should  be  made  to  bar  lot  sales  projects  in  which  management 
and  sales  practices  encourage  buyer  and  seller  to  disregard  the  suitability  of  the 
project  as  a  long-term  place  of  enjoyment.  Particular  attention  should  be  given  to 
projects  in  which  the  manner  of  the  seller's  oi>eration  enables  him  to  make  sub- 
stantial profit — or  to  show  a  substantial  profit  on  his  corporate  book.s^ — before 
he  installs  water  supply  and  sewage  disposal  facilities  and  the  other  rudimentary 
essentials  of  community  existence. 

60.  The  Congress  should  amend  Federal  securities  legislation  so  that  the  sale  of 
lots — in  any  project  containing  more  than  50  lots — will,  unless  all  obligations  of 
the  seller  are  performed  before  any  payments  by  the  buyer,  be  regarded  as  a 
securities  transaction  subject  to  the  prosi)ectus  and  other  requirements  of  the 
Securites  and  Exchange  Commission. 

61.  Federal  and  State  legislation  should  obligate  the  sellers  of  lots — ^in  projects 
containing  50  or  more  lots — to  guarantee  to  each  buyer  that  his  lot  will,  for  a 
period  of  1  year  after  the  date  on  which  he  is  scheduled  to  obtain  title,  and 
again  for  1  year  after  the  date  on  which  the  contract  obligates  the  seller  to 
complete  all  improvements,  be  fit  for  construction  of  a  dwelling — or  for  any  com- 
mercial or  industrial  uses  specified  by  the  seller  in  the  sales  contract.  Fitness  for 
use  should  be  defined,  by  statute  or  regulation,  to  include  piped-in  water  supply, 
the  available  of  lawful  sewage  disposal  facilities,  and  safety  elements  (e.g. 
land  not  subject  to  flooding,  free  from  danger  of  mud  or  rockslides).  The  war- 
ranty should  be  unwaivable,  and  breach  of  warranty  should  entitle  the  buyer  to 
return  of  all  his  payments  with  interest  and  damages  up  to  the  date  of  breach. 

62.  The  Securities  and  Exchange  Commission  should  require  statements  de- 
scribing development  programs  planned  by  land  sales  corporations,  including 
pertinent  information  about  the  types  of  community  facilities  to  be  provided, 
the  dates  at  which  they  are  scheduled  for  completion,  and  who  is  to  construct 
them. 

63.  Federal  and  State  laws  requiring  full  disclosure  of  lot  sales  information  to 
protect  lot  buyers  should  be  amended  so  that  projects  containing  more  than  50 
lots  are  covered,  irrespective  of  the  acreage  contained  in  each  lot.  The  present 
right  of  a  buyer  to  reconsider  his  decision  up  to  48  hours  after  purchase  should 
be  extended  to  30  days,  with  present  statutory  exceptions  eliminated. 

ABOUT    THE   TASK    FORCE 

The  task  force  on  land  use  and  urban  growth  was  formed  in  the  summer  of 
1972  by  the  Citizens'  Advisory  Committee  on  Environmental  Quality  at  the  sug- 
gestion of  its  then  chairman,  Laurance  S.  Rockefeller.  Its  work  has  been  sup- 
ported entirely  by  grants  from  the  Rockefeller  Brothers  Fund. 

Although  the  ta.sk  force  has  tbe  status  of  a  private  organization,  the  Citizens' 
Advisory  Committee  on  Environmental  Quality  reports  to  both  the  President 
and  to  the  Council  on  Environmental  Quality. 

The  task  force  is  made  up  of  three  members  of  the  citizens'  committee,  and 
nine  others  drawn  from  the  fields  of  banking.  State  and  local  government,  civil 
rights  and  minority  affairs,  citizen  action,  imiversity  administration,  business, 
new  community  development,  planning,  and  law.  William  K.  Reilly,  lawyer, 
planner,  and  senior  staff  member  on  leave  from  the  Council  on  Environmental 
Quality,  has  served  as  staff  director. 

Task  Force  members : 
Mr.  Laurance  S.  Rockefeller.  Chairman.  New  York,  New  York. 
Dr.  Paul  N.  Ylvisaker,  Deputy  Chairman,  Dean,  Graduate  School  of  Education, 


992 

Harvard  University,  Cambridge,  Massachusetts. 
Hon.  John  F.  Collins,  Consulting  Professor  of  Urban  Affairs,  Massachusetts  In- 
stitute of  Technology,  Cambridge,  Massachusetts. 
Mr.    John   R,    Crowley,    Chairman,    Colorado   Land   Use   Commission,   Denver, 

Colorado. 
Commissioner  Henry  L.  Diamond,  New  York  State  Department  of  Environmental 

Conservation,  Albany,  New  York. 
Mr.  Walter  E.  Hoadley,  Executive  Vice  President  and  Chief  Economist,  Bank 

of  America  National  Trust  &  Savings  Association,  San  Francisco,  California. 
Mr.  A.  Wesley  Hodge,  Lawyer,  Hodge,  Dahlgren  &  Hillis,  Seattle.  Washington. 
Mr.  Vernon  E.  Jordan,  Jr.,  Executive  Director,  National  Urban  League,  New 

York,  New  York. 
Mrs.   Virginia   Nugent,   Chairman,   National  Land   Use  Committee,   League  of 

Women  Voters,  Washington,  D.C. 
Mr.  John  R.  Price,  Jr.,  Vice  President,  Manufacturers  Hanover  Trust,  New  York, 

New  York. 
Mr.   James   W.   Rouse,   Chairman   of  the   Board,   Rouse  Company,   Columbia, 

Maryland. 

Hon.  Pete  Wilson,  Mayor  of  San  Diego,  San  Diego,  California. 


The  White  House,  I 

Washington,  May  31, 1972.  f 

From  :  John  D.  Ehrlichman.  f 

Subject :  National  Growth  Policy. 

There  is  continuing  and  growing  interest  in  the  subject  of  national  growth 
policy.  In  the  short  run,  we  can  expect  issues  to  arise  in  the  coming  months  and 
in  the  formulation  of  the  fiscal  year  1974  budget  which  reflect  the  administra- 
tion's conception  of  national  growth  policy.  The  overall  framework  is  defined 
in  this  year's  report,  and  we  must  continue  to  define  and  refine  this  issue. 

In  addition,  we  should  begin  processes  now  which  will  lead  to  a  firm  basis  for 
the  1974  growth  report. 

With  these  two  objectives  in  mind,  I  would  like  your  detailed  and  thoughtful 
consideration  of  the  specific  questions  in  the  attached  paper.  This  document  is 
designed  to  do  the  following : 

1.  To  identify  areas  where  agreement  among  agencies  exists  and  can  be 
fairly  said  to  rest  on  a  firm  basis. 

2.  To  identify  areas  of  disagreement  among  agencies  based  on  different 
interpretations  of  trends,  facts,  studies,  et  cetera. 

3.  To  identify  important  areas  where  studies  or  evidence  have  not  yet 
been  developed. 

This  year's  national  growth  policy  study  demonstrates  a  need  for  a  new  ap- 
proach which  should  be  reflected,  as  appropriate,  in  agency  staffing.  Would  you 
please  contact  my  oflBce  within  10  days  with  the  name  of  the  senior  policy  officer 
who  will  have  overall  responsibility  for  this  task. 

May  I  please  have  your  response  by  July  30,  1972.  We  will  review  these 
responses  with  the  President  before  deciding  on  further  steps. 

scope   of   work NATIONAL   GROWTH  POLICY  * 

In  order  to  develop  a  more  firmly  based  position  on  national  growth  and  na- 
tional growth  policy,  the  Federal  establishment  must  do  much  more  than  it  has 
done  in  the  past  to : 

Define  "national  growth  policy"  ; 
Define  the  Federal  role  in  national  growth  policy ; 
Examine  present  Federal  policies  toward  national  growth  ; 
Examine  present  programs  with  national  growth  impact ; 
Examine  related  topics  of  importance  to  the  process  ;  and  pattern  of  growth 
In  each  of  these  areas,  a  number  of  specific  questions  must  be  answered. 

A.  Define  "National  Growth  Policy" 

1.  (a)  Is  there  a  consensus  in  the  literature  on  what  "national  growth  policy" 
means?  (6)  If  there  is  a  consensus,  what  is  it  and  who  are  the  groups  and  indi- 
viduals responsible  for  it? 

2.  (a)  How  far  have  the  "growth  experts"  gotten  in  specifying  the  content  of 
"balanced  and  orderly  growth"  in  real  terms  (the  definition  stressed  by  the 
Congress)  ? 
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3.  (a)  What  evidence  suggests  that  the  development  of  a  national  growth  policy 
is  possible?  (&)  Are  there  examples  or  studies  indicating  in  operational  terms 
what  a  national  growth  policy  could  or  could  not  do?  (c)  Can  we  draw  lessons 
from  the  experience  of  other  countries? 

4.  (a)  Is  it  possible  to  limit  the  definition  or  concerns  of  national  growth  policy 
in  such  a  way  as  to  make  it  operationally  effective  and  useful?  (ft)  Specifically, 
what  kinds  of  institutions,  actions,  processes  or  procedures  at  the  P^ederal  level 
directly  flow  from  having  stated  a  national  growth  policy?  (c)  What  would  be 
the  form  of  stating  a  national  growth  policy? 

5.  (a)  Would  it  be  wise  to  attempt  to  develop  and  utilize  a  national  growth 
policy?  (ft)  What  are  the  political  pluses  and  minuses  of  stating  such  a  policy? 
(c)  To  what  extent  would  a  national  growth  policy  be  subject  to  economic,  politi- 
cal, and  social  constraints  which  would  make  the  policy  irrelevant? 

6.  (a)  Are  there  studies  which  show  the  relationship  of  a  national  growth  iX)licy 
to  other  national  policies  of  interest  such  as  economic  stability  at  full  employ- 
ment, industrial  planning,  tax  policies,  population  growth  and  movement,  envi- 
ronmental and  resources  planning,  et  cetera?  (ft)  Who,  if  anyone  or  any  institu- 
tion, has.  at  this  point  in  time,  sufiicient  technical  expertise  and  politically  viable 
organizations  to  relate  these  policies?  (c)  If  no  such  vehicles  for  achieving  inter- 
relationships exist,  what  options  exist  for  filling  the  gap? 

7.  (o)  Is  there  any  reliable  estimate  of  alternative  futures  for  the  country  in 
the  absence  of  a  national  growth  policy?  (6)  Can  we  say  with  any  certainty  what 
the  impact  of  the  presence  or  absence  of  a  policy  would  be? 

8.  (a)  Do  we  know  enough  about  how  the  general  public  (not  the  "growth 
experts")  wants  the  country  to  look  in  the  future  and,  more  importantly,  what 
the  public  is  willing  to  sacrifice  in  order  to  achieve  it?  (ft)  If  the  answer  is  "Yes," 
what  is  the  source  of  our  information?  (c)  If  the  answer  is  "No."  how  do  we  find 
out? 

9.  (a)  What  evidence  is  there  to  show  either  a  public  consensus,  need  for.  or  an 
overriding  necessity  for  the  formulation  of  certain  national  gro\\'th  policy  objec- 
tives? (ft)  Are  there  growth  objectives  which  can  safely  be  said  to  have  wide- 
spread or  universal  support  which  are  not  being  promoted  by  present  Federal 
policy?  (c)  Do  these  include  the  stated  title  "VII  objectives? 

B.  Define  the  Federal  Role  in  National  Groivth  Policy 

1.  (a)  What  guidelines  or  concept  should  serve  as  the  basis  for  I'ederal  action 
to  achieve  and  utilize  a  national  growth  policy  ? 

2.  (a)  How  do  we  define  the  national  interest — how  do  we  balance  the  relative 
weights  of  economic,  social  and  other  considerations?  (ft)  What  studies  or  evi- 
dence tend  to  support  various  alternatives? 

3.  (a)  What  is  the  appropriate  foi'um  for  formulating  the  Federal  role  in 
national  growth  policy?  (ft)  What  precisely  did  Congress  mean  in  enacting  the 
title  VII  language  establishing  the  national  growth  policy  report  and  objective? 

4.  (a)  To  what  extent  should  popular  present  concerns  such  as  population 
growth  and  the  environment  indicate  a  need  for  a  Federal  role?  (ft)  To  what 
extent  should  les.s»  direct  but  equally  pressing  concerns  such  as  trade  deficits, 
industrial  productivity  and  the  market  economy  influence  Federal  policy  toward 
growth  ? 

5.  (a)  To  what  extent  should  a  national  growth  policy  attempt  to  achieve  wel- 
fare and  social  goals?  (6)  Specifically,  which  goals  warrant  more  Federal  pro- 
motion? (c)  Is  there  evidence  to  suggest  that  the  Federal  role  must  give  more 
weight  to  welfare  considerations  than  State  and  local  governments  give? 

6.  (a)  Is  there  a  consensus  on  whether  or  not  the  Federal  Government  should 
be  concerned  with  the  location  of  activity  in  this  country?  (ft)  To  what  extent 
should  the  Federal  Government  be  concerned  with  the  future  "map"  of  the  coun- 
try? (c)  Is  it  possible  to  have  a  growth  policy  which  does  not  specify  where 
growth  should  occur  or  what  appropriate  actions  are  needed  to  achieve  locational 
growth  objectives?  (d)  How  does  one  distinguish  between  a  "locational"  growth 
policy  and  any  other? 

7.  (a)  What  are  the  political  pressures  at  the  Federal  level  which  can  be  ex- 
pected to  bear  on  the  formulation  of  a  national  growth  policy?  (ft)  How  do  these 
pressures  affect  Congress  and  the  executive  branch?  (c)  What  are  the  primary 
interests,  both  bureaucratic  and  nongovernmental,  which  will  affect  the  way 
national  growth  policies  are  formulated?  (d)  Can  these  pressures  be  offset  against 
each  other  in  order  to  preserve  the  integrity  of  whatever  policy  is  adopted? 

8.  (a)  What  does  the  evidence  suggest  about  the  feasibility  of  coordinating 
Federal  activities  to  implement  a  national  growth  policy?  (ft)  What  has  been 
our  experience  to  date  with  past  or  similar  efforts? 
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9.  (a)  To  what  extent  is  "disorderly  growtti"  a  national  growth  policy 
concern?  (&)  Is  there  a  national  consensus  on  what  constitutes  disorder?  (c) 
If  so,  what  are  the  specific  features?  (d)  Are  we  imposing  higher  standards  on 
metropolitan  development?  (e)  What  processes  of  transportation  and  land 
development  could  be  changed  to  accommodate  higher  standards?  (/)  What 
Federal  operational  policies  does  this  imply? 

C.  Examining  Present  Federal  National  Growth  Policies 

1.  (a)  What  evidence  exists  to  indicate  how  much  leverage  (potential  or 
real)   Federal  policies  and  programs  have  on  the  growth  process? 

2.  (o)  What  do  we  get  for  the  $35  to  $40  billion  now  spent  annually  on 
Federal  grants  to  States  and  localities?  (&)  Is  there  evidence  to  suggest  that 
the  leverage  which  this  money  possesses  has  been  inadequately  used  in  the 
past?  (c)  How  could  it  be  increased?  (d)  Is  there  evidence  to  suggest  that 
these  Federal  funds  have  little  or  no  leverage  effect? 

3.  (a)  Which  Federal  directives,  if  any,  expressed  in  legislation  conflict 
with  one  another  in  influencing  growth?  (ft)  To  what  extent  to  conflicting 
directives  cancel  each  other? 

4.  (a)  Are  there  administrative  policies  and  Presidential  directives  which 
are  either  internally  inconsistent  or  conflict  with  congressional  directives, 
as  far  as  growth  is  concerned?  (&)  What  weight  must  be  attached  to  these 
various  policies?  (c)  To  what  extent  are  they  self-enforcing  and  self-implement- 
ing, as  opposed  to  being  dependent  upon  forceful  advocacy?  (d!)  To  what  extent 
are  these  directives  location  specific?  (e)  Are  there  studies  to  show  their  loca- 
tion impacts  and  effects? 

5.  (a)  Do  we  have  enough  information  to  be  able  to  identify  distortions 
in  free  (or  competitive)  market  behavior  which  result  from  Federal  policies? 
(ft)  Is  it  possible  to  quantify  the  effects  of  these  distortions  in  any  realistic 
way?  (c)  Are  there  analytical  techniques  which  can  be  used  in  the  absence  of 
hard  evidence  to  estimate  the  eflBciency  losses  of  these  distortions?  (d)  Are 
there  studies  which  have  used  these  techniques  to  estimate  these  losses?  (e) 
Is  it  possible  to  estimate  the  political  costs  associated  with  eliminating  those 
policies  with  a  large  negative  impact? 

6.  (a)  Are  there  policies  of  the  Federal  Government  which  are  not  related  to 
programs  but  more  directly  related  to  the  economic,  social  and  cultural  "environ- 
ment" which  express  national  growth  policies?  (&)  If  so,  what  are  they  and  are 
there  estimates  of  the  impact  of  these  nonprogrammatic  policies  on  national 
growth?  (c)  In  the  absence  of  quantitative  estimates,  are  there  at  least  estimates 
of  the  direction  in  which  these  nonprogrammatic  policies  impact? 

7.  (a)  To  what  extent  does  a  consensus  exist  that  there  is  now  a  general  lack 
of  Federal  leadership  in  developing  priorities  and  policies  for  national  growth? 
(6)  Are  there  operational  roles  consistent  with  conclusions  of  section  B  above 
which  the  Federal  Government  could  adopt  which  would  achieve  the  objectives 
implied  in  these  criticisms?  (c)  If  not,  are  there  adequate  and  appropriate  alter- 
native ways  of  achieving  the  same  objective,  such  as  inducements  to  State  or  local 
action  or  private  action? 

D.  Examining  Present  Programs  With  National  Chrowth  Impact 

1.  (a)  Has  an  analysis  been  made  of  the  relative  impacts  of  Federal  programs 
on  the  rate  and  location  of  national  growth?  (&)  What  significant  assumptions 
about  "national  growth  policy"  and  the  Federal  role  are  implicit  in  these  meas- 
ures and  in  the  identification  of  such  Federal  program  ? 

2.  (o)  What  consensus  exists  on  how  the  location  of  jobs  should  influence 
housing  programs,  manpower  programs,  transportation  programs,  et  cetera? 
(6)  To  what  extent  is  population  dispersal  and  concentration  taken  into  ac- 
count in  these  programs?  (c)  In  what  concrete  ways  do  program  management 
decisions  reflect  these  concerns?  {d)  Could  a  national  growth  policy  be  reflected 
in  these  program  decisions?  (e)  How  could  program  managers,  with  a  much  nar- 
rower perspective,  be  influenced  to  support  a  much  broader  objective  in  making 
decisions?  (/)  In  what  form  would  the  directive  have  to  come  (that  is.  Presi- 
dential Executive  order,  legislation,  informal  administrative  practice)  in  order 
to  have  any  effect? 

3.  {a)  Is  there  an  urban  fiscal  crisis?  (6)  How  is  it  manifested?  (c)  To  what 
extent  does  the  presence  or  absence  of  an  urban  fiscal  crisis  determine  Federal 
funding  policies?  {d)  Is  there  evidence  to  suggest  that  in  the  absence  of  a  fiscal 
crisis,  revenue  sharing,  welfare  reform,  property  tax  reform,  et  cetera,  would 
represent  inappropriate  uses  of  tax  dollars?  (e)  What  Federal  urban  programs, 
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would  be  superfluous  if  either  the  fiscal  crisis  were  shown  not  to  exist  or  Federal 
tax  transfer  policies  were  instituted?  (/)  What  Federal  urban  programs  would 
be  particularly  effective  if  the  fiscal  crisis  were  shown  to  exist? 

4.  (a)  Is  there  an  analysis  to  show  the  impact  of  the  Federal  minimum  wage 
on  where  jobs  are  located  and  who  holds  them?  (ft)  Is  this  something  that 
needs  to  dealt  with  in  Federal  legislation?  (c)  What  are  the  possibilities  and 
prospects  for  various  alternative  forms  of  minimum  wage  legislation  that  might 
minimize  any  adverse  impact  on  growth  that  is  found  to  exist? 

5.  (a)  What  does  available  evidence  suggest  the  effect  fo  urban  renewal  on 
central  cities  has  been?  (ft)  What  does  the  evidence  indicate  about  the  relative 
priority  of  urban  renewal  at  the  local  level?  (c)  Is  the  HUD  conclusion  that 
the  program  has  failed  supported  by  public  or  professional  consensus?  (d)  If 
so,  what  policy  changes  are  warranted? 

6.  (a)  Is  there  now  a  Federal  policy  or  directive  on  preserving  and  expanding 
the  stock  of  housing?  (ft)  What  are  the  appropriate  criteria  to  be  used  in  de- 
fining the  Federal  role  and  developing  appropriate  programs?  (c)  Is  there  at 
this  point  a  sufficient  evidence  and  analysis  to  support  alternative  Federal  hous- 
ing programs? 

7.  (fl)  What  is  the  appropriate  Federal  role  in  evaluating  the  effects  of  metro- 
politan "balkanization"?  (ft)  Assuming  adverse  effects  can  be  shown,  what 
should  be  the  Federal  role  in  alleviating  them?  (c)  Is  a  rethinking  of  Fed- 
eral participation  in  encouraging  metropolitan  government  indicated?  (d)  If 
so,  what  studies  and  demonstrations,  if  any,  should  be  undertaken? 

E.  Examine  Related  Topics  of  Importance 

1.  (a)  Is  it  possible  now  to  estimate  quantitatively  the  fiscal  needs  of  the 
cities?  (ft)  What  evidence,  for  example,  supports  New  York  City's  estimate 
that  it  requires  $50  billion  in  investment  over  the  next  10  years?  (c)  Are  there 
consistent  standards  of  service  delivery  and  amenity  which  can  be  used  to  ob- 
jectively quantify  urban  needs? 

2.  (a)  What  is  the  impact  of  urban  employee  wage  demands  on  the  fiscal 
position  of  the  cities?  (ft)  Is  there  evidence  to  indicate  excessive  vulnerability? 
(c)  What  organizational  or  procedural  steps,  particularly  Federal  ones,  could 
be  taken  to  deal  with  this  problem  ? 

3.  (a)  What  is  the  impact  of  local  property  taxes  on  the  location  of  employ- 
ment, residential  construction,  et  cetera?  (ft)  To  what  extent  does  this  ques- 
tion bear  on  Federal  policies? 

4.  (a)  Are  there  indications  that  the  reduction  in  migration  during  the  last 
decade  is  permanent?  (ft)  What  factors,  if  present,  would  restimulate  long-range 
migration,  particularly  of  blacks?  (c)  Are  there  appropriate  Federal  policies 
which  could  be  developed  to  encourage  or  inhibit  such  migration?  (d)  Should 
such  policies  be  adopted? 

5.  (fl)  What  are  the  objectives  of  a  growth  center  strategy  as  now  employed 
by  USDA,  DOT,  and  the  Appalachian  Regional  Commission?  (ft)  Are  these  ob- 
jectives consistent?  (c)  Are  the  criteria  consistent?  (d)  Is  there  a  need  for 
federally  consistent  criteria  or  should  this  be  left  to  State  determination?  (e) 
Could  the  Federal  Government  set  down  meaningful  criteria?  (/)  If  so,  how? 

6.  (fl)  What  are  the  effects  of  present  Federal  policies  on  racial  and  economic 
segregation  policies?  (ft)  Can  these  be  quantified,  either  in  terms  of  persons 
affected  or  economic  costs  to  society?  (c)  What  are  the  effects  of  racial  segrega- 
tion on  Federal  programs? 

7.  (fl)  To  what  extent  should  the  Federal  Government  concern  itself  with  the 
efficiency  of  local  government  services?  (ft)  Is  there  a  Federal  interest  in  insur- 
ing that  Federal  tax  transfer  payments  are  wisely  spent?  (c)  Does  this  extend  to 
development  of  new  forms  of  urban  technology  and  services  or  merely  to  a 
"technology  transfer"  role  between  cities  through  advisory  and  consultative 
mechanisms? 

8.  (a)  What  are  the  effects  of  present  court  decisions  and  other  policies  re- 
lating to  equality  of  public  services  within  metropolitan  areas  and,  perhaps, 
States?  (6)  Are  there  distortions  caused  by  current  methods  of  financing  and 
providing  Federal  services  which  are  either  of  Federal  origin  or  concern?  (c) 
Should  the  Federal  Government  attempt  to  even  out  the  distribution  of  services 
(regardless  of  its  responsibility  for  existing  distortions)  ? 

9.  (a)  To  what  extent  should  patterns  of  growth  within  metropolitan  areas, 
especially  as  they  affect  the  location  of  jobs,  the  decay  of  central  cities,  and 
increasing  segregation,  be  taken  into  account  in  future  Federal  program  devel- 
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opment?  (&)   Is  there  suflScient  evidence  to  indicate  how  the  Federal  Govern- 
ment can  get  a  handle  on  these  problems? 

10.  (c)  Is  there  a  Federal  interest  in  the  harmonization  and  equalization  of 
property  tax  rates  as  between  classes  of  taxpayers?  (6)  Do,  for  example,  busi- 
ness concerns  pay  their  way  in  terms  of  tax  revenues?  (c)  What  costs  are  im- 
posed on  society  by  classes  of  taxpayers  which  are  not  taken  into  account  in 
local  tax  sources  and  procedures?  (d)  Is  there  evidence  to  substantiate  claims 
of  inequitable  income  redistribution  inherent  in  such  tax  policies? 
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